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PEEFACE TO SECOND EDITION 


In revision, an attempt has been made to adhere to prin- 
ciples originally employed, the objective being a concise but 
comprehensive presentation of pathology. AH chapters have 
had reconsideration, with a view to correcting deficiencies and 
bringing up to date the text and references. Many changes 
and additions have been made, too numerous to mention indi- 
vidually, which affect in variable degree nearly every chapter. 
The number of illustrations has been increased to three hun- 
dred twenty-seven, of which seventy-four are new; and four 
new color plates have been added. 

In accordance with the need of the times, greater emphasis 
has been given throughout to “tropical diseases” and condi- 
tions important in “war medicine.” The chapters dealing 
ivith viral, rickettsial, spirochetal, mycotic, protozoal, and 
helminthic infections have been enlarged and made more in- 
clusive, and other subjects, such as epidemic hepatitis and 
blast injuries, have been given attention. The chapters deal- 
ing with inflammation, the lung, and the nervous system also 
have received extensive revision. 

The author is again grateful to Dr. Henry Pinkerton for 
revising the chapter on rickettsial and viral diseases ; to Dr. 
William H. Bauer for assistance with illustrations and for 
other aid and advice; to Dr. Jeff Minckler, Assistant Pro- 
fessor of Pathology, University of Oregon School of Medicine, 
for generous aid in revising the chapter on the nervous sys- 
tem; and to Miss Ann Cassady for assistance with the index. 
The task has been lightened by the help, encouragement, 
and indulgence of others, which has not been unnoticed, 
although acknowledgment insufficiently expresses the feeling 
of appreciation. 

W. A. D. Anderson 

Milwaukee 



PREFACE TO FIRST EDITION 

Tills volume is intended to fill a gap which, has eidsted 
between the very elementary manuals of pathology and the 
abundant excellent larger textbooks and reference works. By 
the presentation of pathology in a compact and condensed 
form, it is designed to be useful to the medical student, to the 
dental student studymg general pathology, and to the 
clinician who must maintain familiarity with the foundation 
sciences of medical practice. 

Modem pathology has a combined base of anatomy, hii^ 
tology, embryology, physiology, biochemistry, and bacteri- 
ology and forms an essential linkage with clmical medicine. 
The difficulties in condensation and simplification of such a 
subject are fully appreciated. Nevertheless, its very com- 
plexity makes more necessary a concise synopsis in which 
essentials are included, but the broad outlbies and patterns 
of disease are not obscured by a maze of detail. The reac- 
tions to injury which constitute disease follow a few well- 
defined designs. The main features of these should be fa- 
miliar to every student of medicine and related sciences. 
Knowledge of the seemingly endless finer details and varia- 
tions in the patterns of disease will continue to be acquired 
as long as an individual remains a student of a medical 
science. The process of learning is most efficiently and 
pleasurably accomplished by acquiring first the essentials 
and the broad outlines, with the addition of greater and 
greater detaU as the subject is pursued further, rather than 
by adding minute fact to minute fact until the required 
mass is accumulated. 

The objectives of this volume preclude bibliographic 
reference to many authors whose works have been consulted, 
although indebtedness to them is acknowledged. The refer- 
ences which have been included were chosen because they 
are reviews, or refer to subjects in which there has been 
recent interest or advance in knowledge. Recent publica- 
tions in English in easily available journals have been given 
preference in the bibliography, in order to facilitate further 
study of a subject which excites interest. 

Numerous friends have made this publication possible by 
their assistance. The author is particularly indebted to Dr. 
Henry Pinkerton, Professor of Pathology, Saint Louis Uni- 
versity School of Medicine, who contributed the chapter on 
virus and rickettsial diseases, and freely gave advice con- 
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ceming other portions of the manuscript. Dr. H. C. Sehmeis- 
ser, Professor of Patholo^ and Bacteriology, University of 
Tennessee College of Medicine, generously allowed the use of 
many pictures from his large collection of photographs of 
pathologic specimens. The author’s thanks are due also to 
Dr. William H. Bauer, Professor of Patholo^, Saint Louis 
University School of Dentistry, for much assistance, particu- 
larly with the portions dealing with the skeletal system and 
oral pathology. Dr. J. Minckler gave valuable advice regard- 
ing neuropathology, Mr. Hubert E. Teague and Dr. Joseph 
L. Scianni contributed expert assistance in production of the 
illustrations. Miss Virginia McCormick and Mrs. E. B. Laza- 
rus especially merit gratitude for their invaluable patient 
assistance with the manuscript. 

W. A. D. Anderson 

St. Louis 
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CHAPTEE I 

INFLAMMATION, REPAIE, AND 
REGENERATION 

Inflammation is the local reactive change in tissues follow- 
ing injury or irritation. It is a progressive reaction in living 
tissues, accompanied or followed by reparative or regenera- 
tive healing. The agents causing the inju^ and hence lead- 
ing to inflammation may be of baeteriologic, physical, chem- 
ical, or traumatic nature. The irritant apparently induces 
direct injury of cells, their resulting altered metabolism lib- 
erating materials which initiate the inflammatory process. 
Inflammation is the most common and fundamental pa- 
thologic reaction and in general has a protective action, 
tending to localize or dispose of the injurious agent, and 
to set the stage for repairs. In the local area there are 
vascular effects, disturbances of fluid exchange, and emi- 
gration of the white blood cells (leucocytes) into the 
tissues. The accumulation of fluid and cells is referred 
to as an exudate. The cells of the local area show some 
effect of the injury, which may vary from mild degen- 
erative changes up to massive death and destruction. These 
alterative changes in tissue are essential in the initiation of 
the vascular, exudative, and reparative changes which follow. 

VASCULAR REACTIONS IN ACUTE INFLAlVIIiflAl^^ 

Following a local acute injury, there occurs a momentary 
or transitory contraction of vessels, and hence local anemia. 
This evanescent constriction is rapidly replaced by hyper- 
emia of the part, due mainly to dilatation of capillaries and 
venules. The increased rate of flow also is transitory and 
gives way to a slowing of the current in the dilated vessels, 
which progresses to stagnation and stasis. The local changes 
in the blood flow are important in that they affect the pas- 
sage of fluid and leucocytes through the vessel walls, and 
thus bring about the formation of an exudate. The in- 
creased passage of fluid through the vessel walls is due to 
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elevation of capillary pressure, and increased capillary per- 
meability. According to Menkin’^ there is a permeability 
factor, leukotazme, a nitrogenous substance liberated by 
injured tissue, which affects the permeability of the capil- 
lary endothelial wall and also causes the migration of poly- 
morphonuclear leucocytes into the injured area. Whether 
or not histamine is a factor in the increase of permeability 
attributed to leukotaxine appears to be still in dispute. The 
slowing of the blood flow in small vessels allows the leuco- 
cytes to line up along the vessel walls (margination of leu- 
cocytes), instead of being carried in the axial stream. The 
polymorphonuclear leueocj^es pass through the vessel wall 
and tissue spaces by ameboid motion. 

The primary transient vasoconstriction and the early vaso- 
dilation are due to nervous factors, perhaps local axon re- 
flexes. The later more severe and prolonged vascular dilata- 
tion appears to be a paralysis of vascular walls, influenced 
by local production of substances injuring small vessels (H- 
substanees, histamine, or histamine-like), by anoxia, or by 
increase of carbon dioxide. The slowing of the blood cur- 
rent is due to increased viscosity of the blood, and to swell- 
ing and irregularity of the endothelial lining of the vessels. 

Exudation 

The accumulation of an exudate of fluid and cells in the 
area of injury is dependent on the vascular effects. The 
fluid (serous) part of the exudate is largely plasma from the 
blood, and when abundant, may be referred to as inflam- 
matory edema. The fluid coagulates, with the precipitation 
of an abundant network of flbrin. The inflamed area tends 
to be walled off, and the injurious agent is localized by the 
fibrinous material and by thrombotic occlusion of draining 
lymphatics. When immunity is present, localization of bac- 
terid irritants is aided also by agglutinins, the invading or- 
ganisms adhering to each other and to the tissues. The early 
fixation of a bacterial irritant in the area allows time in 
which leucocytes can assemble for phagocytosis. Pol3miorpho- 
nuclear leucocytes migrate through the vessel walls, attracted 
to the site of injury by a chemical stimulus, a process referred 
to as chemotaxis. Leiikotaxine may contain a factor con- 
cerned in this process. Bacteria, particularly, act as chemo- 
tactie agents, intensifying the emigration of neutrophilic leu- 
cocytes from blood vessels and directing them toward the in- 
jurious agent, leading them to the actual contact with the 
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foreign partiele which makes phagocytosis possible. The 
mechanism of the directional movement has been thought to 
depend on changes in surface tension, but McCutcheon^ has 
presented reasons for considering it to be due to a directional 
orientation of colloidal changes within the cell, ilonocytes 
and lymphocytes have little or no chemotactic activity. 

Menkin^ has demonstrated an injury factor (necrosin) in 
inflammatory exudates of animals, associated with tlie eu- 
globulin fraction, which induces tissue damage and initiates 
the inflammatory process. The significance of this material in 
inflammation is not yet fully known, llenkin^ also has sug- 
gested that local changes in hydrogen-ion concentration 
affect the leucocytes and influence the type of cell found in 
the exudate. The initial response in acute inflammation is 
an exudate in which polymorphonuclear leucocytes predom- 
inate. The subsequent development of a local acidosis injures 
these cells, and at a pH of about 6.9 the monocytes (mac- 
rophages) tend to survive and predominate. Others^ have 
found that there may be little correlation between the pH 
and the type of cell in the exudate. In infections with pyo- 
genic organisms, bacterial toxins and enzymes are probably 
largely responsible for the dissolution of tissues and destruc- 
tion of leucocytes which result in a purulent exudate and ab- 
scess formation. 

The action of fibrinous exudate and agglutinins in localiza- 
tion of a bacterial irritant may be opposed by “spreading fac- 
tors.”^ The effect of these substances, which are believed to 
include an enzyme (hyaluronidase), is to reduce the vis- 
cosity of body fluids, and hence, to promote a free permeation 
of tissues. Spreading factors are produced by certain in- 
vasive bacteria, such as Cl. welchii and the pneumococcus. 
They are also found in testicular tissue, some snake venoms, 
and in malignant tumors. 

The fluid of an exudate usually has a specific gravity of 
1.020 or higher, due mainly to an abundant content of serum 
proteins. Ordinary edema fluid (i.e,, a transudate) has a 
distinctly lower specific gravity. Antibodies of the blood 
are brought into the tissues with the exudate. 

In inflammatory processes there is frequently an increase 
in the number of circulating leucocytes (leucocytosis) . This 
is stimulated by some globulin-like factor produced in the 
area which acts on the bone marrow.^ Fever is also an ac- 
companiment of many inflammations, due to toxic products 
from bacteria or protein disintegration. 
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The Cells of luBammatiou 

Polymorphonuclear Leucocytes. — ^Neutrophilic leucocytes 
are the important cells of most acute inflammations. They 
migrate through the vessel walls and proceed by their ameboid 
activity to the site of injury, influenced by ehemotaxis. Their 
function is phagocytosis of bacteria and tissue fragments, un- 
der the stimulus of opsonins. They disintegrate, and release 
proteolytic ferments (leucoproteases) which liquefy the in- 
jured cells. The leucocytes tend to increase progressively un- 
til the irritant is overcome, provided the bone marrow is 
capable of increased production. Leucocytes are recognized 
by their segmented or lobulated nucleus. Faintly staining 
fine gi'anules are present in their cytoplasm. 

Lymphocytes. — The lymphocytes are not present in signifi- 
cant numbers in acute inflammatory reactions, except in the 
nervous system. However, they are numerous and impor- 
tant in many subacute and chronic inflammations. The 
lymphocytes are rounded cells with a relatively large dark 
nucleus and very scanty cytoplasm. It has been demon- 
strated that lymphoblasts when studied in tissue culture 
have a characteristic type of locomotion and shape which en- 
ables their differentiation from other cells which often are 
morphologically similar (e.g., myeloblasts, monocytes). One 
function of the lymphocyte appears to be concerned with a 
reaction to foreign protem.^^ Ljunphoeytes are rarely phago- 
cytic, but it has been maintained by Maximow and others 
that lymphocytes may be transformed into large mononu- 
clear cells (macrophages) which have an active phagocytic 
function.^® 

Plama Cells. — ^Plasma cells may be present in small num- 
bers in acute and subacute inflammations but are particu- 
larly characteristic of chronic inflammation. Plasma cells 
are slightly larger than lymphocytes, have a basophilic cyto- 
plasm, and an eccentric nucleus in which the chromatin is 
collected in small masses around the periphery to give it a 
cart-wheel or clock-face appearance. It has been thought that 
they are derived from lymphocytes, but they are rarely seen 
in the circulating blood, and much evidence suggests that 
they are derived from histiocytic cells, and so are related to 
monocytes. Little is known of their function, Wt some evi- 
dence su^ests ^at they may be concerned in production of 
globulin, including antibody globulins.® 

Eosinophiles. — ^Eosinophiles have large reddish granules in 
their cytoplasm, and lobulation of the nucleus is less marked 




PiiATi! I.— Chronic infammatory cells. Study in cell structure to 
show plasma cells (PC) ; coimective tissue cells (CTC ) ; giant cells (GC), 
and epithelioid ceUs (PC). (From McCarthy, Lee: Histopathology of 
Skin Diseases, St. Louis, The C. Y. Mosby Company, 1931.) 
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than in the neutrophilic polymorphonnelear lencocytes. 
Little is known of their function. Though capable of phago- 
cytosis, this does not seem to be a common activity. They 
are numerous in allergic inflammations of the nose, sinuses, 
and bronchi (asthma). They also appear as a reaction to 
certain parasites, especially worms, and may be present in 
increased numbers in the blood. Subacute and chronic in- 
flammations in the uterus, fallopian tubes, and intestinal 
tract (especially the appendix) often show numerous eosin- 
ophiles. 

Basophiles (Mast Cells). — ^Basophiles are present normally 
in small numbers in the blood (0.5 per cent) but have little 
part in inflammatory reactions. It has been suggested, on the 
basis of similar staining reactions, that they may produce 
heparin. They have an indented or lobed nucleus, and deeply 
staining basophilic granules in their cytoplasm. 

Macrophages. — These large phagocytic cells are described 
under a variety of names, being termed monocytes, histio- 
cytes, large mononuclears, polyblasts, endothelial cells, clas- 
matocytes, etc. They may be derived from monocytes, and 
perhaps also from lymphocytes, which have wandered from 
the blood stream into the tissues. The majority of the 
macrophages, however, arise locally from the cells of the 
reticulo-endothelial system, both those lining certain Vascu- 
lar spaces and those which are intimately mingled with 
fibroblasts in nearly all tissues. The corresponding cells in 
the nervous system are the microglial cells. 

Macrophages are large rounded or oval cells, with an oval 
or indented nucleus, and abundant relatively dense cyto- 
plasm devoid of specific granules. They are highly impor- 
tant in both acute and chronic inflammatory reactions. In 
acute inflammations they appear later than the polymorpho- 
nuclear leucocytes but may persist after the latter have 
broken down (see pp. 23 and 413). They are actively mobile 
and highly phagocytic, ingesting bacteria, foreign material, 
and degenerating leucocytes, red cells, and tissue cells. Thus 
they act as scavengers and prepare the way for repair.^ They 
are the predominant and characteristic cells in certain inflam- 
matory processes, as in typhoid fever, and in tuberculosis 
where they are tremsformed into ^‘epithelioid” cells by the 
waxy material of the capsule of the tubercle bacillus. 

Erythrocytes.— Bed blood cdls appear in the exudate by 
passage through the excessively permeable vessel walls in the 
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area of inflanoination (diapedesis). In other eases there are 
small hemorrhages due to rupture of injured vessel walls, so 
that red cells are more abundant in the exudate. An exudate 
of hemorrhagic character is present in reactions to certain 
organisms, such as those of anthrax. 



Fig. 1. — Foreign body reaction. Multinucleated giant cells surround 
particles of foreign material. 

Giant Cells. — Multinucleated cells of giant size are gener- 
ally present Avhen there are materials which resist absorp- 
tion, e.g., foreign bodies, bone, and are a particular feature 
of certain inflammatory processes, as in tuberculosis, and 
foi’eign body reactions. They appear to be formed by fusion 
of monocytes around some insoluble material, although nu- 
clear division without cytoplasmic division probably occurs 
also. The Langhans giant cell of tuberculosis usually has 
peripheral nuclei, and foreign body giant cells diffuse or 
central nuclei, but probably they are essentially the same. 
Other types of giant cells, not concerned with inflammation, 
are osteoclasts, megakaryocytes, tumor giant cells, and syn- 
cytial giant cells found in repair of muscle, nerves, and 
epithelium. 
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Phagocytosis 

Phagocytosis is the process of ingestion of foreign material 
or particulate matter. Its importance in the inflammatory 
reaction and as a defense of the body was first stressed by 
Metchnikoff. The polymorphonuclear leucocytes and the 
macrophages are the important phagocytic cells, although a 
number of other cells exhibit lesser degrees of phagocytic 
power. The phagocytes are motile and in the case of the 
polymorphonuclear leucocytes are chemically attracted to 
the material to be ingested (chemotaxis). The actual mech- 
anism of motility and ingestion probably depends on sur- 
face tension changes. The phagoc:^osis of bacteria is aided 
by substances present in tissue fluids, such as opsonins and 
agglutinins. The more highly virulent bacteria tend to resist 
phagocytosis. 

After being engulfed, bacteria, tissue and cell fragments, 
foreign particles, etc., tend to be digested by cellular en- 
zymes. Not all bacteria are killed by phagocytosis. Some 
continue to live and even multiply within the phagocytes. 
This is true of the organisms of tuberculosis, leprosy, gonor- 
rhea, and meningococcal meningitis. 

SIGNS OF ACUTE INFLAMMATION 

The classical clinical signs of an acute inflammation on the 
surface of the body, where it can be seen and felt, are swell- 
ing, heat, redness, pain, and disturbance of function. The 
swelling is due to the edema, exudation, and congestion in 
the area. The inflamed area feels hot in comparison with 
surrounding areas because the dilated vessels bring a large 
amount of warm blood to the area, i.e., the heat is only that 
of the interior of the body. The redness results from the 
vascular dilatation and congestion. Pain is due to the swell- 
ing and tension on tissues caused by the exudate, with pres- 
sure on nerves. The cells and tissues involved by inflamma- 
tion have their normal function disturbed. 

TTFES OF INFLAMMATION 

Classification of inflammation may be according to (1) 
duration and severity, as acute, subacute, and chronic; (2) 
predominant nature of exudate, as serous, fibrinous, hemor- 
rhagic, purdent, and catarrhal; and (3) the causative agent, 
as tuberculous, syphilitic, staphylococcic, foreign body reac- 
tion, allergic, etc. These classifications can often be com- 
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bined. The ending “itis” is added to the name of an organ 
or tissue to indicate an inflammatory process, e.g., appendi- 
citis — ^iidammation of the appendix; hepatitis— ^animation 
of the liver; dermatitis — ^inflammation of the skin. The vari- 
ous constituents of exudates often occur combined, so that 
the reaction may be termed serofibrinous, fibrinopurulent, 
seromucinous, mucopurulent, etc. The inflammatory reac- 
tions induced by specific pathogenic organisms are described 
in Chaps. IV, V, VI, Vn, and VIII. 

Acute Inflammation. — The acute inflammations are those 
which have a rapid course, the lesions clinically exhibiting 
the classical signs of heat, redness, swelling and pain, or 
associated with severe or sharp constitutional reactions. 
Pathologically, the prominent features are vascular changes 
and exudation of fluid and neutrophiles, but there is insufB- 
cient time for development of connective tissue or accumula- 
tion of lymphocytes and plasma cells. An acute inflammation 
may subside, or proceed to subacute or chronic phases. 

Subacute Inflammation. — This is considered as a transi- 
tional phase between acute and chronic stages. The exuda- 
tive changes of acute inflammation are still present, while 
the proliferative changes characteristic of a chronic process 
have begun. The use of this term probably has but little 
value except for these cases which cannot clearly be classed 
as either acute or chronic. 

Chronic Inflammation. — Chronic inflammation is a process 
in which exudative changes are prolonged, and prolifera- 
tion (especially of connective tissues) forms a prominent 
feature. It may be simply a late stage of a more acute proc- 
ess, or the inflammation may be essentially chronic (produc- 
tive) from the beginning. The latter is apt to be the ease 
with organisms of low virulence where their pathogenicity 
tends to be nearly balanced by the resistance of the body. 
The predominant cells in chronic inflammation are lympho- 
cytes, plasma cells, and macrophages, although a few poly- 
morphonuclear leucocytes may be present. The prolifera- 
tive activity, leading to the production of abundant 'scar 
^sue, may in itself be distinctly harmful. This is the case 
in chronic nephritis, where the progressive glomerular scar- 
ring eventually results in functions failure of the kidneys. 

Serous Inflamma tion. — Serous exudates, in which there is 
outpouring of abundant fluid in the inflammatory reaction, 
occur particularly in acute inflammations of serous cavities. 
The fluid contains a lai^er amount of protein and tends to 
have a higher specific gravity than a transudate. However, 



INFLAMMATION, REPAIR, AND REGENERATION 29 

the specific gravity of fluids in serous cavities is not always 
an accurate guide to their nature.® Fibrin precipitates from 
the fluid and appears abundantly on the inflamed surfaces. 
Eeactions in other areas, such as some early acute inflamma- 
tions of the skin, also may have an exudate of predominantly 
serous nature. 

Fibrinous Inflamiuation. — ^An abundance of fibrin in an 
exudate is frequently seen in inflammations of serous sur- 
faces, such as the pericardium and peritoneum. It is also 
seen in the reaction to diphtheria bacilli, where the fibrin 
entangles cells and necrotic material to form a false mem- 
brane on the surface. 

Hemorrhagic Inflammation. — ^Exudates containing a large 
proportion of red blood cells so as to have a grossly bloody 
appearance are usually due to highly virulent organisms 
which damage small blood vessels. The reactions in severe 
cases of smallpox, anthrax, meningococcal, and hemolytic 
streptococcal infections are often hemorrhagic. 

Purulent (Suppurative) Inflammation. — ^Purulent inflam- 
mations are those in which there is production of pus, which 
is a creamy semi-fluid opaque substance containing necrotic 
material and many polymorphonuclear leucocytes (pus cells), 
both intact and disintegrating. A suppurative reaction results 
from a number of injurious agents, mainly bacterial, but also 
from some chemicals such as turpentine and aleuronat. Bac- 
teria which commonly result in abundant pus production 
(pyogenic organisms) include staphylococci, gonococci, pyo- 
cyaneus bacilli, etc. Suppurative inflammation maybe (1) on 
a surface, (2) localized in the tissues (abscess) or diffusely 
spreading through tissue spaces (phlegmon or cellulitis). 

An abscess is a localized area of pus accumulation. It is 
found in an acute inflammation in which there is circum- 
scribed destruction of tissue, and collection of many poly- 
morphonuclear leucocytes, which undergo disintegration. 
Thus a cavity is formed which contains the pus. Abscesses 
are fluctuant swellings, due to their semi-fluid consistency. 
Healing is facilitated by drainage and removal of the puru- 
lent material; otherwise a relatively slow process of absorp- 
tion is necessary. Abscesses may become walled off by fibrous 
tissue, or may spread and extend, and the bacteria gain en- 
trance into the blood stream (pyemia) and form new (meta- 
static) abscesses in distant tissues. Boils or furuncles are 
small abscesses of the skin. A carbuncle is a more extensive 
or spreading abscess of the skin which tends to discharge at 
several points. 
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Phlegmonous inflammation (cellulitis) is a suppuration 
spreading diffusely through tissue spaces. It causes the in- 
volved area to be tense, hard, and rigid. Very highly viru- 
lent strains of streptococci and other organisms may produce 
an acute diffuse spreading inflammation ■without any actual 
liquefaction and pus production. 

Most but not all acute inflammations in which polymorpho- 
nuclear leucocytes predominate in the exudate are purulent, 
i.e., produce pus. A common example in which pus produc- 
tion does not usually occur is pneumococcic (lobar) pneu- 
monia (see p. 356), although leucocytes are abundant in the 
alveolar exudate. 

Catarrhal Inflammation. — Catarrhal inflammation is a 
superficial and usually mild inflammation of mucous sur- 
faces, in w'hich mucinous material forms a prominent part 
of the exudate. It is commonly seen in inflammations of the 
upper respiratory tract and of the large intestine. 

Allergic Inflammation. — ^In allergy there is an alteration 
or heightening of tissue reactmty (hyperergy) to an anti- 
gen. The Ax&us phenomenon is a marked local allergic in- 
flammation and necrosis which results when an antigen is 
injected into the skin of an animal previously sensitized to 
the same antigenic protein. Altered sensitivity or allergy is 
probably an important factor in many diseases of both bac- 
terial and other origins.*® In certain “atopic” conditions, 
such as asthma and hay fever, hypersensitiveness is the 
outstanding feature. The most commonly recognized al- 
lergic con(fitions affect the mucosa of the respiratory tract 
and nasal sinuses, the skin, and the mucosa of the gastro- 
intestinal tract. 

In the allergic inflammations of the respiratory tract, such 
as asthma, one sees hyperplasia and hypersecretory acti'vity 
of the mucous glands and goblet cells. The ■tissue is edema- 
tous, and eosinophiles form a large and prominent propor- 
tion of the inflammatory cells. The basement membrane 
underlying mucosal epithelium becomes thickened and 
hyalinized.*® 

Granulomatous Inflammation. — A n^umber of infectious 
agents produce a chronic inflammation characterized by de- 
velopment of focal nodules composed predominantly of mono- 
nuclear types of cells, granulation tissue, and flbrous tissue. 
Multinudeat^ giant cells are often present. Such lesions 
are common in_ tuberculosis, leprosy, syphilis, various mycotic 
and protozoal infections, and in foreign body reactions. 
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Foreign Body Beactions. — ^Foreign materials which are 
too large to be ingested by phagocytes, become surrounded 
by macrophages, which fuse to form large multinucleated 
^ant cells. Chronic inflammatory cells and fibroblastic pro- 
liferation appear in the surrounding tissue. The foreign 
material may gradually dissolve or, if indigestible, remains 
surrounded by giant cells and connective tissue. A foreign 
body reaction is seen around surgical sutures, cholesterol 
e^tals, waxy materials, ingrowing hairs (e.g., in a pilonidal 
sinus), talcum powder from a surgeon’s gloves in wounds, etc. 

REPAIR AND HEALING 

A connective tissue reaction is a fundamental part of the 
response of the body to injury and tends to repair the dam- 
age. Whether this reparative process is considered as part 
of inflammation or as a separate process is immaterial. Pro- 
liferative and reparative activity tends to follow the vascu- 
lar and exudative phenomena of inflammation and often 
proceeds coincidentally. The final healed state is achieved 
by development of a connective tissue scar, and by regenera- 
tion of destroyed cells. The degree of each and the balance 
between scarring and regeneration depend primarily on the 
nature and extent of the destroyed tissue. 

The connective tissue cells which react to injury are the 
fibroeytes and the histiocytes (macrophages). The functions 
of the latter have already been noted. The changes of re- 
pair begin as a proliferation of young connective tissue cells 
(fibroblasts) and multiplication of small blood veraels, by 
mitotic division of connective tissue and endothelial cells, 
respectively. The elongated fibroblasts and buds of endo- 
thelial cells grow into and permeate the exudate, producing 
a highly vascularized, reddish granular mass termed granu- 
lation tissue. The granulation tissue replaces the exudate 
and fills up any gaps in the tissue. This loose and highly 
vascularized young connective tissue is very resistant to in- 
fection. The replacement of necrotic material, exudate, or 
a thrombus by granulation tissue is referred to as organi- 
zation. 

A large abscess cavity or a tuberculous cavity from which 
the contents have been discharged may not be filled in by 
granulation tissue, but rather a fibrous wall forms around 
it. If, however, the cavity can be collapsed so that the walls 
are in contact,*healing may be completed. 

In healing of a surface wound or ulcer, there is pro- 
liferation of epithelial cells at the edge, the cells gradually 
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growing from the periphery to cover over the surface gap. If 
the area to be covered is too large, the skin edges being more 
than 1 or 2 cm. apart, the epithelial cells are unable to com- 
plete the covering process. SMn graft may be used to supply 
other foci of epithelial cells from which extension can occur. 

When organization is complete and the defect has been 
filled by granulation tissue, the capillaries decrease in size 
and number, and largely disappear. The connective tissue 
shrinks, becomes condensed, develops more collagenous 
fibers, and acquires the appearance of adult connective 
tissue. The scar (cicatrix) thus produced is transformed 
slowly from a soft red area to a pale or white, shrunken, 
firm fibrous tissue. Shrinkage and contraction may pro- 
duce deformities of internal organs, or disability if the scar 
is situated over a joint. 

Adhesions of serous surfaces, as between visceral and 
parietal layers of peritoneum, pleura or pericardium, fre- 
quently result from the organization of fibrinous exudates 
on apposing surfaces. In the pericardium, the effect may be 
to obliterate the sac and throw an added functional burden 
on the heart. Adhesions as a result of arthritis may limit 
the movement of a joint. 

The healing of a clean, uninfected incised wound, in which 
there is little destruction of tissue and where the edges of 
the wound are held in apposition, occurs with a minimum of 
granulation and scar tissue, and is referred to as “primary 
union,” or “healing by first intention.” If there is much 
loss of tissue, or infection, the healing process is more de- 
layed (“secondary union”) and greater scarring results. 
In this circumstance the infection must be overcome and the 
tissue defect filled in by growth of granulation tissue. The 
granulation tissue must be built up slowly from the bottom 
and sides of the wound, and epithelium does not grow over 
the surface until the defect has been filled. 

The nature and efSciency of the healing process may be 
influenced by various factors. The state of nutrition is of 
importance. Vitamin 0 is essential for proper collagen forma- 
tion, and in sevOTe deficiency of this vitamin, wounds fail 
to heal properly and are easily disrupted. Proper healing 
of bone is promoted by a sufSciency of vitamins C and D. An 
adequate protein diet also may be important, as some experi- 
ments have indicated that wound healing is delayed when 
plasma protems are sufiGiciently reduced. Complete protec- 
tion of a wound from any sort of bacterial, mechanical, or 
chemical irritant ddays healing. On the other hand, any- 



Plate II— Granulation tissue and young connective tissue. Upper, 
Granulation tissue showing various types of inflammatory cells, indud- 
ing neutrophilie polymorplionuelear leucocytes, lymphocytes, plasma cells, 
and an eosinophile* Lower, Young connective tissue. (From McCarthy, 
Lee: Histopathology of Skin Diseases, St. Louis, The C. V. Mosby 
Company, 1931.) 
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Fig. 2. — Granulation tissue. Note the young capillaries, the elongatedi 
fibroblasts, and the sprinkling of inflanunatory cells. A fibroblast under- 
going mitosis is evident in the central figure. 
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thing more than a slight injury also delays healing, a circum- 
stance which may result from foreign material or an infec- 
tion in wounds. Forei^ substances vary widely in the type 
of tissue response which they elicit. Certain metal alloys 
used to hold fractured bone fragments in position elicit but 
little tissue response and do not delay healing. Similarly, 
certain suture materials, such as silk, cotton, and some 
synthetic fibers, produce relatively little inflammatory re- 
sponse in tissues as compared with other materials, such as 
catgut. Sulfonamides applied to wounds cause some reaction 
in tissues, but apparently not sufficient to retard healing 
seriously. 

EEGENEBATION 

Regeneration is the replacement of destroyed tissue by 
newly formed similar tissue. Physiologic regeneration is the 
reproduction of tissue lost by the normal wear of life, e.g., 
of surface epithelium, red blood cells, etc. Regeneration also 
acts to replace tissues destroyed by disease. Capacity for 
regeneration decreases as age increases, and also is affected 
by the state of nutrition of the individual. The most im- 
portant factor, however, is the type of tissue destroyed. The 
more highly specialized the tissue, the less is the capacity 
for regeneration. Thus, connective tissue regenerates most 
readily, whereas ganglion cells of the central nervous sys- 
tem have no ability to regenerate. The power of various 
tissues to regenerate may be outlined as follows : 

Surface epithelium — ^marked capacity for regeneration, 
but in the skin, associated structures, such as hair follicles 
and sweat glands, do not regenerate, if completely destroyed. 

Glandular epithelium — ^individual cells regenerate, but 
specialized structures are not so readily formed, e.g., in the 
Mdney, tubular epithelial cells regenerate easily, but whole 
tubular or glomerular structures are not replaced after 
their destruction. 

Smooth muscle — ^very little regenerative power. 

l^ocardium — ^practically no regeneration, except possibly 
in infancy. 

Striated voluntary muscle — ^limited capacity for replace- 
ment after a destruction of limited size. 

Connectiye tissue — ^regenerates very readily. 

Cartilage — ^regenerates to some extent from perichon- 
drium. 

Bone— regenerates readily from periosteum or endosteum, 
with preliminary formation of unc^cified osteoid tissue. 
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Liver — ^marked capacity for regeneration provided its 
blood supply and connective tissue framework are intact. 
Blood-forming tissues — ^regenerate readily. 

Neuroglial tissue — regenerates quite readily. 

Peripheral nerve fibers — regenerate easily if the injured 
ends are in apposition (see p. 682 ) , 

Neurons of the central nervous system— have no power of 
regeneration. 

When tissues without the ability to regenerate are de- 
stroyed, repair is by connective tissue, or, in the central 
nervous system, by neuroglial cells. Even in tissues with 
good regenerative ability, such as the liver, extensive de- 
struction is repaired largely by connective tissue. 
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CHAPTER II 

RETROGRADE CHANGES 

Among the fundamental results of injury to tissues are 
the retrograde changes: i.e., atrophy, degeneration, and 
necrosis (cell death). A vride variety of injurious agents, 
including bacterial and chemical poisons, trauma, radiant 
energy, heat, and nutritional disturbances, cause such ef- 
fects. Retrograde changes may or may not be accompanied 
by an inflammatory reaction, depending on the degree of 
damage to the cells, and the rate at which cells die and set 
free toxic decomposition products. 

ATROPHY 

Atrophy is a decrease in size of organs, or cells, which 
were once of mature proportions. This is to be distin- 
guished from agenesia, which denotes complete absence of an 
organ or tissue; aplasia, which indicates almost complete 
failure of development; and hypoplasia, which is a failure of 
full development. 

Atrophy of an organ or tissue may be due to a reduction 
in size or in number of component cells, or to both. When 
atrophy affects cells, the organ or tissue is usually but not 
necessarily reduced in size. Frequently the atrophied ceUs 
are replaced by connective tissue or fat, which helps to main- 
tain size of the organ. Function is disturbed by atrophy if 
the reserve capacity of the organ is encroached on. 

The general cause of atrophy is inadequate nutrition, 
which in turn is due to a variety of causes. In certain or- 
gans, a normal or physiologic atrophy occurs at certain 
periods of life, as in the thymus at puberty, and in the breast 
and uterus after the menopause. Disuse atrophy occurs in 
inactive tissues. Such a result is seen in muscles immobilized 
by splinting or by loss of their motor nerve supply (e.g., in- 
fantile paralysis). Glandular organs also atrophy when ren- 
dered inactive by occlusion of their ducts (e.g., ligation of 
the pancreatic ducts results in atrophy of the acini, though 
the islet tissue remains active). Starvation brings about 
atrophy by using up stored carbohydrate, fat, and eventually 
protein. A tumor obstructing the esophagus or pylorus may 
cause starvation, or it may occur without an organic lesion 
in anorexia nervosa. Interference with blood supply causes 
local Atrophy due to insufficient nutrition- This may be 
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caused by changes in the blood vessels themselves, such as 
arteriosclerosis. In the aged many organs and tissues be- 
come atrophic. Such senile atrophic changes are grossly 
evident in the skin. Bones become so weakened that they 
are subject to fracture after slight trauma. Pressure atrophy 
is also dependent mainly on local interference with nutrition. 
The effects of prolonged and continuous pressure in causing 
atrophy are seen around expanding tumors and amyloid 
deposits. 

DEGENERATIONS 

Cells react to injury by swelling and accumulation in their 
cytoplasm of substances which normally are invisible, ab- 
sent, or present only in small amount. The degeneration is 
named according to the nature of the abnormally accumu- 
lated material, as albuminous (cloudy swelling), hydropic, 
fatty, hyaline, etc. These degenerative changes vary in se- 
verity, and usually are reversible. However, severe degen- 
erations may proceed to death of the cells. In one instance, 
that of amyloid degeneration, the abnormal material accumu- 
lates around and between cells, rather than within their 
cytoplasm. 

Cloudy Swelling (albuminous or parenchymatous degen- 
eration). — ^hlost acute infectious and toxic conditions are ac- 
companied by some degree of cloudy swelling. It is the 
mildest and most common type of degeneration and is easily 
reversible. It is best seen in the fiver and kidneys, and 
sometimes in the heart. The name is descriptive of the gross 
appearance. The affected organ is swollen, so that the cap- 
sule is tense and the cut surface bulges. The tissue appears 
more opaque (cloudy) than normal, pale and soft. Micro- 
scopically, the affected cells are swollen and have a granular 
cytoplasm, the granules being of a protein or albuminous 
nature and due, at least in part, to changes in the mito- 
chondria. The swelling is due mainly to an increased water 
content of the cytoplasm. The parenchymal cells of the liver 
and convoluted tubular cells of the kidiey show the change 
most severely. Fresh tissue is essential for recognition, as 
postmortem autolytic changes are confusing. 

Hydmpic Degeneration. — ^While in cloudy swelling there 
is some imbibition of water into the cell, in hydropic de- 
generation this is of greater degree. The cytoplasm is 
markedly swollen, pale, clear and watery in appearance. 
This type of change is not common, but is seen well in the 
convoluted tubular cells of the kidney after intravenous ad- 
ministration of hypertonic sucrose solutions.^ (See p. 301.) 
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Fatty Degeneration. — ^Patty degeneration is the accumn- 
lation of stainable fat in cells or organs where normally 
none is visible. It is a common type of degeneration and 
indicates a more severe injury than does cloudy swelling. 
In general, the cause may be said to be anoxemia, whether 
due to local interference with blood supply, severe general- 
ized anemia, or toxins of bacterial or chemical origin. 

Fat is present normally in the body in two_ states: (1) as 
visible accumulations in specialized connective tissue cells 
(adipose tissue) of the omentum, subcutaneous tissue, etc., 
and (2) in an invisible but chemically extractable form in 
all organs. This latter type of fat forms an essential coin- 
ponent of protoplasm but is not demonstrable by histologic 
methods. Abnormal fat accumulation may be of two types, 
corresponding to the above two situations in which fat is 
present in tissues. Thus in obesity, the fatty accumulation 
in connective tissue cells may be very great, and it may 
appear in situations where normally none is seen, e.g., be- 
tween heart muscle fibers. This is known as fatty infiltra- 
tion, and in the ease of the heart it may cause interference 
with function (see p. 272). 

In fatty degeneration, stainable fat appears in parenchy- 
matous cells of organs where normally none is visible. Such 
a change is certain evidence of injury to the cells. It has 
been considered due to an unmasking or change to a visible 
form of the fat already present in the cells, a process called 
fat phanerosis. Dible and Davie^ have presented evidence 
that fatty degeneration is usually not such a process of un- 
masking of fat. but actually an increased accumulation of 
fat brought from other parts of the body. 

Patty degeneration occurs in a variety of severe infective 
conditions (e.g., diphtheria), poisons (e.g., by phosphorus or 
arsenic), and in severe generalized anemias (e.g., pernicious 
anemia). The liver, heart, and kidneys are most foequently 
affected. A fatty liver is swollen, soft, pale and has a yel- 
lowish tinge and greasy feel. The original distinction be- 
tween fatty infiltration and fatty degeneration in the liver, 
judged on the size of the fat droplets in the liver cells, has 
bfeen abandoned. Hue droplets were believed to indicate 
fatty degeneration, but fatty change in the liver is almost 
always a fatty infiltration in the sense that the fat is brought 
from elsewhere. The liver is important in the metabolism 
of fat, and accumulation there may result from either exces- 
sive mobilization or defective utilization. Starvation and 
chronic alcoholism lead to excessive mobilization of fat in 
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the liver. In experimental animals, choline deficiency causes 
marked fatty infiltration of the liver. The anoxemia of 
chronic passive congestion often causes fatty change around 
central vein areas. 

In the heart fatty degeneration may be patchy or diffuse. 
Severe anemias are apt to cause the patchy form, seen espe- 
cially well on the interior of the ventricles, which are flecked 
and mottled by yellowish bands and striations, producing a 
thrush-breast appearance. A diffuse fatty degeneration may 
result from severe toxic or infective states. The whole heart 
is very flabby, pale, and greasy when the condition is severe, 
but lesser degrees are detected only microscopically and by 
the aid of fat stains. 

The fatty kidney is large, and pale or white. The fat is 
most prominent in the epithelial cells of convoluted tubules. 
Such fatty change occurs in subacute nephritis and in the 
variant known as lipoid nephrosis (see p. 300). 

Fatty degeneration occurs in sheaths of nerve fibers distal 
to a point of section (WaUerian degeneration — see p. 682). 

Fat may also appear in phagocytic cells around an area 
where disintegration of tissue has caused the setting jfree of 
fat. This is particularly weU seen around infarcts of the 
brain. Fatty tissue occasionally replaces destroyed paren- 
chymatous tissue, e.g., in the kidney. Fatty substances intro- 
duced into the lung are taken up by phagocytic cells and 
cause an inflammatory reaction (lipoid pneumonia, see p. 362) . 

For methods of histologic demonstration of fat, see Table 
I. In preparation of or<Bnary paraffin sections> fat is dis- 
solved out by alcohol or other reagents, leaving a clear area 
or vacuole. 

Hsraline Degeneration.— Hyaline is a term used for trans- 
lucent, homogeneous, structureless materials which stain 
with eosin. There are a variety of hyaline materials, mainly 
of protein nature, which may be of either epithelial or con- 
nective tissue origin. Certain types of hyaline, such as amy- 
loid, have distinctive characteristics or staining reactions 
and hence are separable from the general group. 

The most common type of hyaline is formed from connec- 
tive tissue and is evident in any dense scar tissue. Marked 
hyaline thickening of the pleura may follow chronic inflam- 
mation, and hyaline thickening of the splenic capsule is also 
common. Arteriosclerotic lesions of blood vessels often show 
hyalinization as a prominent feature. Hyaline formation is 
also common in certain tumors, such as fibromyomas of the 
uterus. 
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Table I 


Commonly Used Tissue Stains 


USE 

STAIN 

COMMENT 

Boutine histologic 
study 

Hematoxylin and 
eosin 


Oounective tissue 

Azocarmine 

Mallory aniline blue 
Masson ’s trichrome 
Van Gieson 

Connective tissue stains deep 
blue. Valuable for study 
of renal glomerular base- 
ment membrane 

Connective tissue stains blue 
Connective tissue stains blue 
Collagen fibers stain red — 
muscle fibers stain yellow 
— differentiates connective 
tissue and muscle fibers 

Elastic tissue 

VerhoefP’s stain 

Elastic fibers stain black 

Beticulin 

Ammoniacal silver 
impregnation 

Beticulin fibers stain black 

Fibrin 

Weigert's modified 
(mm stain 

Fibrin stains blue 

Amyloid 

Congo red 

Metbyl violet 

Amyloid stains red 

Amyloid stains red 

Olycogen 

Best's carmine 

Glycogen stains red. Be- 
quires fixation in absolute 
alcohol 

Mucin 

Mayer's 

Mucin is stained red 

Pat 

Scharlacli B (scarlet 
red) and Sudan m 

Osmic acid 

Neutral fats and lipoids 
stain orange to red. Used 
on frozen sections (stains 
mineral oil) 

Fat stains black (does not 
stain mineral oil) 

Oram-positive bac- 
teria 

Gram's stain for 
parafiin sections 


Oram-negative bac- 
teria 

Methylene blue 


Bacteria 

Giemsa's stain (Wol- 
bach 's modification) 


Acid-fast bacteria 
(tubercle bacilli 
and lepra bacilli) 

Ziehl-Neelsen 's stain 

'Acid-fast organisms are 
stained red 

Spirochetes 


Spirochetes appear black 

EVee iron 

Potassium ferrocgra- 
nide (Prussian blue 
stain) 

Hemosiderin pigment stains 
blue 

Oalcium 

Van Kossa’s silver 
method 

Calcium appears black 
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A different type of hyaline degeneration is that in which 
fine droplets of eosin-staining material appear in the cyto- 
plasm of epithelial cells. Such hyaline droplet degeneration 
is not uncommon in the convoluted tubules of the Mdney and 
indicates severe injury. Hyaline masses also appear in the 
liver cells in porti cirrhosis, and in the basophiles of the 
pituitary in Cushing’s syndrome. 

Zenker’s (Waxy) Degeneration. — ^Hyaline changes in vol- 
untary muscle were described by Zenker in fatal cases of 
typhoid fever, and are also seen in other severe infections, 
such as pneumonia, the degree paralleling the intensity of the 
infection. Bacterial toxins or excess accumulation of lactic 
acid is probably responsible for the change, rather than lo- 
calization of the infection in the muscle. The lesion is best 
seen in the rectus abdominis. The muscle is veiy pale and 
friable, so that rupture of the fibers and small hemorrhages 
are frequent. Microscopically, the affected fibers have lost 
their striations and have a hyaline appearance.® 

Amyloid Degeneration. — ^Amyloid is a hyaline material 
characterized by deposition in intercellular spaces around 
cells rather than in cells, and by specific staining reactions 
with iodine, methyl violet, and Congo red. It is insoluble in 
water, slightly soluble in strong acids and readily soluble in 
strong alkalies. The exact chemical composition is unknown, 
but protein fractions and a sulfate-bearing polysaccharide 
have been identified.^ The disappearance of Congo red from 
the blood one hour after intravenous injection is a useful 
clinical test for amyloidosis.® 

Amyloid deposition is associated with long-continued, in- 
fective, tissue-destructive processes, such as tuberculosis, 
leproi^, osteomyelitis, etc. Exact causative factors in amy- 
loidosis are still unknown. The organs most frequently in- 
volved are spleen, kidneys, liver, and adrenals. Blood ves- 
sel walls tend to be affected first and most prominently in 
these organs. 

The amyloid spleen is enlarged, firm, and of rubbery or 
elastic consistency. On the cut surface the amyloid areas 
have a characteristic pale translucent appearance. The in- 
volvement may be focal or diffuse. In tie focal form (sago 
spleen) the deposition is in arteriolar walls and extends 
into surrounding lymph follicles. The involved foci are 
prominently pale and translucent against the red back- 
ground of the remainder of the spleen. In the diffuse form 
there is widespread deposition between the fibrous reticulum 
of tie spleen, the f oUicles tending to be spared. . 
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In the liver, marked amyloid deposition causes it to be 
enlarged, firm, and unusually translucent. Deposition tends 
to occur first in the mid-zonal region of the liver lobule, 
appearing in the space between the sinus endothelium and 
the liver cells. In the liver, as elsewhere, the deposition of 
amyloid tends to cause pressure atrophy of the parenchyma- 
tous cells. 

Amyloid disease of the kidney is occasionally severe 
enough to disturb renal function and give a picture of renal 
disease. Amyloid is deposited chiefly in glomeruli and blood 
vessel walls. In the glomeruli, the amyloid is deposited be- 
tween the basement membrane and endothelial lining of the 
capillaries. The capillaries are narrowed and finally obliter- 
ated so that the glomerulus becomes functionless and second- 
ary changes develop in the tubules. 



Pig. 3. — ^Amyloid in the spleen. 

Primary systemic amyloidosis also occurs but is rare. 
Mesenchymal rather than parenchymatous tissues tend to be 
involved. Amyloid may be deposited in irregular masses, or 
in the form of rings'' in fatty tissue. Foreign body giant 
cells and lymphocytic infiltration occasionally occur in rela- 
tion to the amyloid masses® in primary amyloidosis, but not 
in the common or secondary type of amyloidosis. 
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Mucinous Degeneration. — ^iluein is a clear structureless 
material •vrh.icli stains lightly with basic dyes (hematoxylin). 
In certain epithelial tumors and in some catarrhal inflamma- 
tions of mucous membranes, an excess is secreted by the 
epithelial cells. "When masses of mucinous material are so 
formed, it is often referred to as mucinous degeneration. A 
somewhat similar (mucoid or myxomatous) material may be 
formed by coimective tissue, and is found in the subcuta- 
neous tissue in thyroid deficiency (myxedema) and in the 
connective tissue tumors called myxomas. 



rig. 4. — Hydropic degeneration of the kidney. Diethylene glycol 
poisoning. Note the swollen tubular cells with water-clear cyto^asm, 
(South. M. J. 34: 257, 1941.) 

Calcareous Degeneration. — Calcium salts tend to precipi- 
tate in degenerated, dying, or dead tissue (dystrophic c^- 
cification), apparently influenced by a local relative alkalm- 
ity. Metastatic calcification occurs in conditions of dis- 
turbed calcium metabolism, such as hyperparathyroidism and 
hypcrvitaminosis D (see pp. 195 and 540), and affects blood 
vessels and kidneys most commonly. 
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NECROSIS 

The most serious effect of injury is death, which may be 
of the body as a whole (somatic death), or of localized areas 
of tissue or certain cells. Cell or tissue death within the 
living body is termed necrosis, and is recognizable by the 
changes which the dead tissues and cells undergo after their 
death. The severe degenerative changes which eventually 
terminate in death of the cells are referred to as necrobiosis. 

Necrosis may be caused by almost any type of severe 
injury. Macroscopic areas of dead tissue tend to be opaque, 
i.e., the normal translucency of most living tissues is lost, 
and a whitish or yellowish color is assumed. However, gross 
appearances of necrotic tissue may differ, varying with the 
type of tissue affected and the causative agent, so that sev- 
eral types are described. 

Coagulation necrosis is a type commonly produced by 
cutting off of blood supply, i.e., in infarction, and is charac- 
terized by a protoplasmic eoa^ative process. In such ne- 
crosis general architectural features may be preserved for a 
considerable period, although cellular detail is lost. Caseous 
necrosis is so called because of a cheesy macroscopic appear- 
ance. It is particularly characteristic of the necrotic tissue 
resulting from tuberculous infection. Microscopically, the 
architectural outline of the necrotic tissue is completely lost. 
Gummatous necrosis which results from syphilis resembles 
caseous necrosis microscopically, but in the gross has a more 
rubbery consistency. In liquefactive necrosis the dead area 
softens and eventually liquefies. It is especially character- 
istic of necrosis in the central nervous system. It may follow 
other types of necrosis in other tissues, and the term may be 
applied to the liquefaction of pus in abscesses. 

Microscopic recognition of necrosis is aided by nuclear 
changes in necrotic cells. The nucleus may shrink and stain 
more intensely basophilic (pyknosis), or may fragment 
(karyorrhexis). More commonly the nucleus simply loses 
its ability to stain differentially with basic dyes (karyolysis) 
so that it fades and eventually is indistinguii^able. Necrotic 
tissues tend to stain diffusely with red acid dyes such as 
eosin, with lack of any blue or hematoxylin-staining mate- 
rial. Any calcium which precipitates in the necrotic mate- 
rial stains with hematoxylin, thus appearing as bluish masses. 

Pat necrosis is most commonly the result of pancreatic 
disease, which allows release of enzymes which act on fat. 
The fat of the pancreas, omentum, or other intra-abdominal 
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tissues shows whitish opaque nodules of very chaxacteristic 
appearance. A zone of congestion and leucocytes surrounds 
the necrotic area. Eventually, calcium tends to be deposited 
in these areas, and a foreign body reaction occurs around 
them. Fat necrosis may also occur in the breast and other 
subcutaneous areas, from trauma, toxic agents, circulatory 
disturbances, and injections. There is necrosis of the fat 
cells, ^vith release of neutral fat into tissues and its subse- 
quent change into fatty acids or soaps. An inflammatory 
reaction occurs, often of foreign body type with formation 
of giant cells, and a tumor-like mass may result 

Gangrene. — Gangrene is a massive necrosis of tissue, to 
which there is usually added an invasion by saprophytic 
bacteria. Distinction is often made between dry and moist 
gangrene. Dry gangrene (or mummiflcation) is a term usu- 
ally applied to ischemic necrosis of a portion of an extremity, 
i.e., an infarction of the extremity. The tissue becomes dried 
out, greenish yellow, and fihally dark brown or black. In- 
flammatory reaction in the adjacent livmg tissue causes a 
sharp line of demarcation separating healthy and dead tis- 
sues. In moist gangrene, which may be found in almost any 
part of the body, saprophytic organisms invade the dead 
tissue through wounds or from the rei^iratory or intestinal 
tract, causing putrefactive changes. Gtas gangrene occurs 
when the invading saprophytes are of the gas-forming group 
(e.g., the Welch bacillus). 

^nile gangrene is a necrosis in an extremity due to inter- 
ference with blood supply by arteriosclerosis. It is often a 
dry type, but may be moist and putrefactive. Diabetic gan- 
grene is similar, and also due to arteriosclerosis, but tends 
to occur at an earlier age. Gangrenous extremities due to 
interference with blood supply may also be due to Eay- 
naud’s disease (vascular spasm), ergot poisoning (vascular 
spasm), and thromboangiitis obliterans (endarteritis). 

FOST-MOBTEM CHANGES 

Sonoatic death, or death of the body as a whole, is followed 
by some early changes with which some familiarity is neces- 
sary. Rigor mortis is a stiffening of muscles due to a chemi- 
cal change in which there is precipitation of protein. It be- 
gins first in involuntary muscles, affects voluntary muscles 
in about ten hours, and passes off in three or four days. 
The time of appearance and degree of rigor mortis are af- 
fected by a number of conditions, so it is unreliable as an 
indicator of the exact time of death. Livor mortis is the 



46 


SYNOPSIS OF PATHOLOGY 


reddish discoloration of dependent portions of the body, due 
to the gravitational sinking of blood. Internal organs, such 
as the lungs, are affected as well as the skin. Hemolysis of 
red cells occurs with varying rapidity after death, and hemo- 
globin may lightly stain the aortic lining or serous surfaces. 
Hemoglobin staining may be hastened m death from infec- 
tions, particularly if due to hemolytic organisms. 

Putrefaction in the dead body follows entrance of sapro- 
phytes, usually from the intestinal tract. It results in pro- 
duction of gases, and a greenish discoloration of tissues. 
Gas-producing saprophytes may cause a foamy or spongy 
appearance of organs, particularly liver. 

Autoly^ is the self-digestion or breakdovpn of tissues due 
to ferments produced in the body after death. In some tis- 
sues, such as the mucosa of the stomach or gall bladder, 
autolytic changes are rapid, and good microscopic prepara- 
tions of such tissues may be difficult to obtain post mortem. 
In general, the highly differentiated tissues, e.g., the ganglion 
cells in the nervous S3rstem and glandular epithelium, un- 
dergo more rapid autolysis than do supporting or connective 
tissue structures. Early autolysis results in loss of cellular 
detail in staining and may cause some confusion in differen- 
tiation from such degenerative processes as cloudy swelling. 

PIGMENTATIONS 

In a number of conditions colored materials are deposited 
in the skin or internal tissues. Though considered here to- 
gether, they have nothing in common except the pigment 
deposition. There are two classes of pigmentations: (1) 
Endogenous pigmentations, in which the colored substance 
is produced within the body, and (2) exogenous pigmenta- 
tions, in which the pigment is introduced into the body by 
way of the intestinal tract, skin, or lungs. 

Endogenous Pigmentations 

There are three types of pigments produced in the body, 
melanins, hemoglobin derivatives, and lipochromes. 

Melanin. — Melanin forms the normal coloring matter of 
the skin and choroid coat of the eye. It is produced in the 
skin by melanoblasts, situated in the basal layers of the 
epidermis. These specialized cells may be distinguished, 
even though they contain no pigment at the time, by the 
dopa reaction (see p. 635). Pigment-carrying cells are pres- 
ent in the subepithelial tissues. The amount of melanin in 
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the skin is increased by exposure to sunlight. Skin pigmen- 
tation is increased in Addison's disease (see p. 547), and 
pigmented spots are common in association with multiple 
neurofibromatosis. Patchy areas lacking pigment also oc- 
cur, and there may be a congenital absence of melanin pig- 
ment (albinism). Benign pigmented nevi and malignant 
melanomas are tumors composed of melanoblasts. The 
amount of pigment found in such tumors shows extreme 
variation. Melanomas commonly arise from the skin or eye. 
They occur less frequently in the Negro race, and trauma is 
frequently an important factor in initiating a malignant 
change. 



Pig. 5. — Malignant melanoma of the eye. The highly pigmented 
tumor tissue almost ails the chambers of the eye and is spreading on 
the outer surface. (Prom Surgery 9: 425, 1941.) 

Ochronosis is a rare type of pigmentation by a melanin, 
in which cartilage is affected. Discoloration of the cartilage 
of the ear and nose may be visible through the skin. Most 
cases are due to a congenital metabolic disturbance evi- 
denced by alkaptonuria. Some cases are due to phenol ab- 
sorbed from surgical dressings. 

Melanosis coli is a black discoloration of the mucosa of 
the large intestine. The pigment is not a true melanin (see 
p. 501). 

Hemoglobin-Derived Pigments.— Hemoglobin, the pigment 
of red blood cells, is a combination of a pi^ent complex, 
heme + a protein, glohin. Three types of pigments may be 
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formed from hemoglobin breakdown: hemosiderin, bilirubin 
(hematoidin), and hematin. 

Hemosiderin. — ^Hemosiderin is a brownish granular pig- 
ment formed when hemoglobin breaks down in tissues (e.g-> 
as the result of hemorrhage). Hemosiderin is formed within 
phagocytic ceils of the reticulo-endothelial system, and the 
time for its production may be as short as one day. Hemo- 
siderin has no exact chemical composition but contains loosely 
bound iron which gives a Prussian blue reaction (a blue color 
with potassium ferrocyanide and hydrochloric acid). The 
iron is present mainly in the ferric form. 



Fig. 6. — Hemosiderin pigment in spleen. 

The normal continuous breakdown of red blood cells in 
the reticulo-endothelial system results in some hemosiderin 
deposition in the liver and spleen. Pathologic excess of 
hemosiderin deposit occurs in these organs and elsewhere 
whenever there is excessive breakdown of blood. Such oc- 
curs in local areas of hemorrhage, in hemolytic anemias (e.g., 
pernicious anemia, sickle-cell anemia), and in passive con- 
gestion of organs, where stagnation in capillaries results in 



Plate ni.— Hemochromatosis: 1. Liver and spleen, showing hrown- 
ish pigmentation and fibrosis. liver, showing area with development 
of carcinoma. S. Section of liver, showing hemosiderin deposition and 
fibrosis. 4. Liver, Prussian blue stain, showing iron content of pig- 
ment. 5. Pancreas, showing pigmentation and fibrosis. Thyroid, 
Prussian blue stain, showing hemosiderin pigmentation. 
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increased blood destruction. In the spleen, bemosiderin pig- 
ment is found in phagocytic cells of the pulp and sinuses. 
In the liver, the pigment is found both in the phagocytic 
Kupffer cells of the sinusoids, and in the liver cells. In the 
kidney, tubular lining cells, as well as interstitial tissue and 
endothelial cells, may contain pigment. In the lung, hemo- 
siderin pigment is often abundant in large mononuclear 
phagocytic cells in alveoli, when there is chronic congestion. 
These pigmented alveolar macrophages are often called 
“heart failure cells” because of their association with cir- 
culatory failure. 

Hemochromatosis is a rare disturbance of iron pigment 
metabolism, usually occurring in males past middle life. It 
is characterized by excessive hemosiderin pigmentation of 
the s^ and viscera, particularly liver and pancreas, with 
associated fibrosis of involved viscera. In some cases the 
pancreatic fibrosis is sufficient to cause functional disturb- 
ance and diabetes is present. Such cases have been labelled 
“bronzed diabetes.” While the pigment is predominantly 
hemosiderin, some yellowish pigment, hemofuscin, may be 
present as well. Kbrosis in the liver is primarily about 
portal areas, but later becomes widespread and associated 
with atrophy of liver cells. Pancreas, spleen, and lymph 
nodes similarly become pigmented and fibrosed. Affected 
organs have a deep brown color. The total amount of iron 
in the body, normally about 3 grams, may be increased as 
much as twelve times. The disturbance seems to be an in- 
born error of metabolism rather than due to increased blood 
destruction.® 

Biurhbin and HEMATomiN. — ^Bile pigment is formed from 
the breakdown of hemoglobin by reticulo-endothelial cells, 
particularly in the spleen, liver, and bone marrow. Exces- 
sive bilirubin in the circulation causes the yellowish pig- 
mentation known as jaundice or icterus. 

Eematoidin is a pigment, closely related to or identical 
with bilirubin and formed in tissues from hemoglobm. Like 
hemosiderin, its formation is intracellular, but several days 
are required to produce hematoidin. It is formed mainly in 
tissues wherein a good oxygen supply is lacking. Hence it 
is often found where there is breakdown of blood in dead 
or dying tissues, as in infarcts. Hematoidin may be seen as 
amorphous yellow granules, or sheaves of cryst^s. It does 



50 SYNOPSIS OP PATHOLOGY 

not give the Prussian blue reaction for free iron, but does 
give the Gmelin reaction for bile. 

Hematoporphyrin is a pigment normally found in minute 
amounts in the urine. In a rare inborn metabolic disturb- 
ance, congenital hematoporphyrinuria, large amounts of 
porphyrins are found in the urine, which is colored Bur- 
gundy red. Individuals having this disease are abnormally 
sensitive to light.^® 

Hematin akd Malarial Pigment. — Hematin, which may 
be formed by the action of acids or alkalies on hemoglobin, 
is not a normal breakdown product of hemoglobin, nor a 
precursor of hemosiderin and bile pigments. However, 
Pairley^^ has indicated the possibility of its formation in 
some eases of intravascular hemolysis or hemoglobinemia. 
In such cases it rapidly combines with blood proteins to 
form methemalbumin. In the tissues, hematin appears as a 
brownish granular pigment resembling hemosiderin. How- 
ever, its iron is firmly bound, so that it fails to give a Prus- 
sian blue reaction as does hemosiderin. 

In massive hemoglobinurias such as may result from trans- 
fusion reactions, casts of hematin pigment may be formed 
in renal tubules by the action of an acid urine and are a 
contributing factor in the resulting renal failure. 

Malarial pi^ent is a closely related (hematin) compound 
formed by action of the malarial parasite on the hemoglobin 
in the red blood cell.^® Massive deposits of this brown pig- 
ment which fails to stain for iron arc formed in reticulo- 
endothelial cells of spleen and liver (see p. 166). 

Lipochrome Pigments. — ^Lipoid pigments are found in 
small amounts in various places in the body. Some of these 
are probably related to carotene, a vegetable pigment in- 
gested with food. The yellowish pigment of the corpus 
luteum is a lipochrome. Certain lipochromes are said to be 
the re^t of wear and tear of tissues. Brown atrophy of the 
heart is a senile condition in which lipochrome pigments are 
visible at the nuclear poles of heart muscle fibers. The heart 
has a brownish discoloration and is small due to atrophy of 
the muscle fibers. 

Exogenous Pigmentations 

Colored materials may gain entrance to the body by in- 
spiration, ingestion, and inoculation into the skin. Pigmen- 
tation of the lung by inspired substances such as carbon 
forms an important group of pulmonary conditions known 
as the pneumoconioses (see p. 369). 
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Silver poisoning or argyria may cause a permanent pig- 
mentation of the skin. Excessive administration of a silver 
compound over a long period of time results in deposition 
of pigment in the upper layers of the corium, immediately 
under the epithelium and around sweat and sebaceous glands. 
The skin acquires an unpleasant, permanent, ashen-gray hue. 
In severe cases, pigment is present in the kidney and liver 
as well. The pigment, an insoluble albuminate of silver, ap- 
pears to be deposited in the cement substance between cells. 

Lead poisoning (plumbism) may cause pigmentation of 
oral mucosa. A line of deep blue pigmentation develops at 
the junction of teeth and gums, due to the formation of lead 
sulfide. 

Carotenemia is a pale yellowish discoloration of the skin 
due to excessive ingestion of plant pigments, such as the 
carotene found in carrots. No deleterious effects are known. 

Tattoos are pigments introduced into the skin by a needle 
or other sharp instrument for decorative purposes. The pig- 
ment may be seen as small granules held in the corium by 
macrophages. Infections, such as syphilis, may be intro- 
duced at the time of tattooing by unclean habits of the 
operator.^^ 
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CHAPTER in 

DISTURBANCES OP CIRCULATION 

The proper distribution of blood and fluid to and from 
tissues by the cardiovascular and lymphatic system is a 
requisite for health. Disturbances in this function are due 
to a variety of causes, are of various types, and are essential 
parts ■ of many diseases. Details of many of these are con- 
sidered in discussion of the various organs, but the general 
principles are considered together here. 

Congestion (hyperemia) is an excessive supply of blood 
and may be local or generalized. The opposite condition; 
ischemia^ is a localized anemia due to interference with the 
blood supply to the area. It is often due to changes in the 
blood vessel wall (e.g., arteriosclerosis) or to intravascular 
clotting of blood (thrombosis). The portion of a thrombus 
or other solid, semisolid, or gaseous material carried in the 
blood stream and occluding vessels in another region is 
called an embolus. Necrosis of tissue resulting from block- 
age of blood supply by an embolus or thrombus is infarction. 
Hemorrhage is the escape of blood from vascular channels 
and may be due to rupture of a vessel or abnormal perme- 
ability of vessel walls. Edema is an excess of fluid in tis- 
sue spaces. Lymphedema is that type due to blockage of 
lymphatics. 

CONGESTION 

The amount of blood in a part is not constant but can be 
varied tremendously by dilatation of blood vessels in the 
tissue. In most resting tissues only a small proportion of 
capillaries are dilated and actively carrying blood at one 
time. Congestion of a tissue may be due to an active dilata- 
tion of blood vessels (active hyperemia) so that more blood 
is brought to and flows through the area. Such an active 
hyperemia develops in an exercised muscle, and also in acute 
inflammation. Passive congestion occurs when the increased 
amount of blood in the tissue is due to interference with its 
outflow (i.e., venous obstruction), so that the blood tends to 
accumulate in the tissue. Such passive congestion is local- 
ized when there is local interference with venous return 
(e.g., due to venous thrombosis), and generalized when the 
whole venous return to the heart is insufficient. This latter 


53 



54 


SYNOPSIS OP PATHOLOGY 


condition is the characteristic of cardiac failure. The gen- 
eralized chronic passive congestion of cardiac failure is com- 
monly associated with dyspnea, cyanosis, and edema. 

In certain organs, chronic congestion produces character- 
istic changes. The liver is enlarged and the cut surface has 
a characteristic mottled appearance resembling the cut sur- 
face of a nutmeg (nutmeg liver). The mottling is due to 
redness of the central part of the liver lobules around the 
central veins, contrasted with grayish peripheral portions 
of the lobules. Due to the anoxia of continued severe con- 
gestion, the liver cells around central veins undergo fatty 
degeneration, or atrophy and disappear. In long-standing 
cases the loss of liver cells and relative increase of connec- 
tive tissue produces shrinkage and cirrhosis of the liver 
(car^ac cirrhosis). 

The congested spleen is enlarged, has a tense capsule and 
a dark-red, £h*m, cut surface. Excessive blood content is 
evident in the splenic pulp. 

Chronic passive congestion of the lung results in some 
edema, and passage of red cells from the distended capil- 
laries into alveolar spaces. Here the hemoglobin breaks 
down, and the hemosiderin produced is ingested by macro- 
phages. Because of their frequent association with the con- 
gestion of cardiac failure, such hemosiderin-laden phago- 
cytes in alveolar spaces are called heart failure cells. In 
long-standing cases, the hemosiderin may be sufficient to 
give the lung a brownish tinge, and increased firmness of 
lung tissue results from connective tissue increase in alveolar 
walls. Such a result is called ‘‘brown induration^* of the 
lung (seep, 364), 


ISCHEMIA 

Ischemia is a decrease of blood flow to tissues, due to con- 
traction or constriction of vessels. This may be due to (1) 
spasm of small arteries (ergot poisoning, Raynaud's dis- 
ease), (2) disease of the arterial wall itself with narrowing 
of the lumen (arteriosclerosis, thromboangiitis obliterans), 
(8) external pressure on a vessel (tumors, amyloid deposits, 
etc.), and (4) blockage of the lumen by a clot (thrombosis, 
embolism). Gradual decrease of blood supply to a tissue 
brings about atrophy and disappearance of parenchymal 
cells. Sudden ischemia causes necrosis (infarction or gan- 
grene), unless a collateral circulation can supply suflScient 
blood. 
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Clotting of Blood. — When blood escapes from its contain- 
ing vessels, it rapidly undergoes coagulation. This is a val- 
uable protective measure which tends to prevent excessive 
blood loss. In certain conditions this mechanism is defective 
(e.g., hemophilia), and the time consumed in clotting is ex- 
cessive, or coa^ation may entirely fail. Such conditions 
are considered in Chap. XVII. The mechanism of coagula- 
tion is complicated and not entirely understood. Injured 
platelets or tissue juices release a substance, thromboplastin 
(cephaUn), which with prothrombin, and activated by cal- 
cium salts, becomes thrombin, and in turn converts the 
fibrinogen of the plasma into fibrin. The fibrin threads en- 
mesh blood elements and form a clot. The action may be 
expressed as the following two-stage process : 

1. prothrombin + calcium + thromboplastin =• thrombin 

2. thrombin + fibrinogen =• fibrin (clot) 

The essential role of vitamin K in the formation of pro- 
thrombin is a recent important discovery. 

Thrombosis. — Thrombosis is the coagulation of blood with- 
in vessels during life. Due to its formation in a moving 
stream of blood, the structure of a thrombus differs from 
that of an extravascular clot. A post-mortem intravascular 
clot also differs in structure from an extravascular clot, in 
this instance due to the length of the clotting period in the 
former, which allows time for settling out of blood elements 
and production of a layered clot. 

Important factors favoring thrombosis are (1) slowing or 
eddying of the blood stream, (2) injury to the lining of a 
blood vessel, or (3) alterations (physical and chemical) in 
constituents of the blood. The importance of slowing of 
the blood stream is indicated by the frequency of thrombosis 
in veins, particularly where there is stasis, as in the varicose 
veins of hemorrhoids. Eddying of the blood stream is one of 
the factors which promote thrombus formation in an aortic 
aneurysm. Injury to lining endothelium is perhaps the most 
important single factor causing thrombosis. It w operative 
in arteriosclerotic changes which often are associated with 
thrombosis (e.g., in coronary thrombosis) and in inflamma- 
tory and infective lesions of vessel walls and heart valves 
(endocarditis). 

Thrombosis is very common, being found in 6 to 24 per 
cent of autopsies. It is much more frequent in middle age 
and beyond than in young individuals. Thrombosis in deep 
veins of the leg has been found in more than 50 per emit 
of persons past middle age.*’ * It is particularly likely to oc- 
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cur in association with congestiTc cardiac failine, i.e., with 
chronic passive venous congestion. Thrombosis in pelvic 
leg veins is also a common complication following surgical 
procedures. 

The structure of a thrombus has distinctive features, due 
mainly to its formation in a moving stream of blood. Plate- 
lets adhere to vascular endothelium at the site of thrombus 
formation, which is often some point of endothelial injury. 
The platelets form ridges which are at a right angle to the 
direction of the stream. The platelets become welded to- 
gether in masses and their individual outlines are lost. Fila- 
ments of fibrin form around them, which quickly enmesh 
passing red cells and leucocytes. The result is a laminated 
clot, which may be red, gra 3 dsh-red, or gray, depending on 
the relative proportions of red cells and platelets. On the 
surface of the thrombus grayish irregular lamellae of plate- 
lets can be seen, the so-caUed “lines of Zahn.” 

Once the thrombus has occluded a vessel, growth is by 
accretion in a stagnant stream, so that an ordiuary homo- 
geneous red clot is formed. By this means a thrombus ac- 
quires a “head” and “tail.” Thrombi tend to be dry, 
friable, adherent to the vessel wall at some point, and in- 
vaded by connective tissue (organized) in proportion to 
their age. 

Post-mortem iutravascular clots have a distinctive layered 
structure because they develop slowly in stagnant blood. 
There is time for gravity to separate the elements of the 
blood before coagulation is complete. The heavy red cells 
form a thick layer at the bottom, above which is a grayish 
layer of leucocytes and on top a grayish-yellow layer of 
plasma containing platelets and leucocytes. These layered 
clots are often found in the heart at autopsy. The deep red 
portion (cruor clot) is in the dependent part, while the 
upper part is a tough, elastic, yellowish, translucent mass 
resembling chicken fat (“chicken-fat clot”). These fea- 
tures plus the absence of adhesion to the endothelial lining 
usually enable distinction from an ante-mortem thrombus. 

The fate of a thrombus may be (1) degeneration and ab- 
sorption, (2) calcification (phlebolith formation), (3) organ- 
ization, often vnth recanalization of the vascular lumen, (4) 
embolisni or spread in the blood stream to a new situation. 

Em'tolism.-— An embolus is some solid or other foreign 
piaterial carried in the circulation to a point Afferent from 
its origin, where it blocks the lumen of a vessel. Emboli 
may be composed of portions of a thrombus, tumor cells, 
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fat, air, masses of bacteria, or masses of parasites (e.g-, 
malarial parasites). Emboli are carried until a vessel is 
reached with a caliber small enough to block further prog- 
ress of the mass. Hence emboli originating in the right side 
of the heart or in the venous system usually become arrested 
in the lungs (except those originating in the portal system, 
which go to the liver). If the origin is from the left side of 
the heart or from the arterial system, arrest of the embolus 
is in some more peripheral part of the arterial system. 



Fig. 7. — Organized and recanalized arterial thrombus. Tbe wavy dark 
line is tlio internal elastic lamina. 

Embolism of tumor cells is one of the chief methods by 
which malignant tumors spread, with the formation of new 
or metastatic tumors in distant organs. Vein walls are more 
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easily penetrated by invading tumor cells than are arteries. 
Hence tumor embolism is mainly venous, and spread is most 
frequently to liver and lungs. 

Fat embolism may follow injury to bones containing fatty 
marrow (e.g., fractures), or injury to adipose tissue. The 
contents of injured fat cells are sucked into ruptured veins. 
The fat becomes lodged in pulmonary capillaries, though 
some may pass through these capillaries to lodge in other 
tissues, such as the brain.®* ® 



Fig. 8. — ^Fat embolism of kidney. The fatty material appears black. 

(XT. S. Army Medical Museum, courtesy Major Arthur 0. Allen.) 

Air embolism is a rare complication of artificial pneumo- 
thorax, and of surgical operations, particularly in the neck. 
It has resulted also from injection of air into a pregnant 
uterus in attempted abortion. In fatal cases, frothy blood 
is found in the vascular system, and particularly in the right 
side of the heart. Post-mortem demonstration is best accom- 
plished by opening the heart under water after tying off the 
large vessels. 

Ca^on disease is a gaseous embolism which may occur in 
individuals working in compressed air, e.g., in construction 
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of tunnels, or in diving. The very high atmospheric pres- 
sure causes solution of additional air in the blood. If the 
pressure is then rapidly reduced, nitrogen bubbles form in 
the blood, and embolism results. This may cause serious 
disturbances in the circulation of the nervous system, lungs, 
and other organs."^ A similar type of air embolism may occur 
in aviators on rapid ascent to high altitudes.® 

Embolism from a thrombus is the most common type of 
embolism. The effects depend on (1) whether the embolus 
is septic or noninfected, (2) the size of the embolus, and (3) 
the vessel in which it becomes arrested. Emboli arising in 
systemic veins ordinarily become arrested in the liver or 
lungs, but rarely the general systemic circulation may be 
reached by passing from the right to the left side of the 
heart through a patent foramen ovale (paradoxical embo- 
lism).® Other cases of aberrant embolism appear explainable 
on the basis of the vertebral venous system. Pulmonary 
embolism is particularly important as a cause of death.^^ 

Septic embolism produces inflammation at the site of ar- 
rest. If the organisms carried in the embolus are pyogenic, 
abscesses are produced. Emboli arising from infected heart 
valves in acute endocarditis thus spread infection to other 
organs. Infection of vein walls often gives rise to septic 
embolism; e.g., infection of veins about the appendix in 
acute appendicitis may result in septic embolism to the liver, 
with multiple abscess formation in that organ (pylephlebitis) . 

Infarction of tissue or gangrene may result from bland 
embolism, as well as from thrombosis, if the area supplied 
by the occluded vessel is unable to obtain sufficient blood 
supply through collateral vessels. Ghngrene may result 
from arterial embolism in a large vessel of an extremity. 
Infarction occurs in internal organs such as the spleen, kid- 
ney, heart, lungs, intestine, and brain. Massive embolism in 
ptdmonary or cerebral arteries may cause sudden death, with- 
out sufficient time for production of an infarct (see p. 365). 

Infarction. — ^An infarct is an area of necrosis caused by 
interference with blood supply. The usual cause is rapid 
occlusion of an artery or vein by thrombosis or embolism. 
The effect produced depends on the efficiency of collateral 
circulation. If anastomotic supply is good, there may be 
but slight and temporary interference with the circulation 
and no infarction. If collateral circulation is iiisufficient to 
nourish the tissue, or if the obstructed vessel is the only 
source of supply to the tissue beyond (an end artery), death 
of tissue or infarction results. 
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Infarcts are most common in the spleen, kidneys, lungs, 
intestines, heart, and brain. Cardiac infarcts usually are 
the result of coronary thrombosis rather than embolism and 
are an important cause of disability and death (see p. 267). 



Pig. 9. — Infarcts of the spleen. Prom a case of bacterial endocarditis. 
(Courtesy Dr. H, C. Schmeisser.) 


Intestinal infarcts involve a segment or length of intestine, 
are associated with paralytic obstruction of the bowel, and 
unless surgical relief is prompt result in death from peri- 
tonitis (see p. 498). 
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In the lung, due to its abundant circulation, infarction 
follows thrombosis or embolism only when there is already 
some interference with circulation, such as a chronic passive 
congestion. The liver likewise has an abundant circulation, 
and in this organ infarction is rare. 
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at the periphery of the organ and its apex toward the point 
of arterial obstruction. Promptly after the vascular obstruc- 
tion, the area becomes red and congested due to dilatation 
of. vessels and flowing of blood into the part from adjacent 
vessels. Hemorrhage occurs due to injury of vessel walls 
and is particularly marked in infarcts of the spleen and 
lungs. The area becomes swollen and edematous. The amount 
of redness and congestion varies in different organs. In 
some cases it may be slight, but in some organs, such as the 
lung, it is always marked (red infarct). About two hours 
after the vascular obstruction degenerative changes appear 
in the cells, and within forty-eight hours necrosis is evident. 
Necrosis affects first the parenchymatous tissue, but eventu- 
ally the less sensitive supporting connective tissue is af- 
fected as well. 

The tissue around the necrotic area reacts by inflamma- 
tion, so that infarcts are surrounded by a zone of h^eremia 
and infiltration of inflammatory cells. The necrosis is of a 
coagulative type, except in the brain where it is liquef active. 
The infarct is gradually decolorized and forms a yellowish- 
white opaque area (pale or white infarct). Fibroblastic pro- 
liferation and organization proceed in the dead area, which 
shrinks and falls below the surface of the organ. The end 
result may be a shrunken and depressed fibrous scar. 

EDEMA 

Edema is an excessive accumulation of fluid in tissue spaces. 
Hydrothorax and hydropericardium refer to excess fluid in 
the pleural and pericardial sacs, and ascites is excess fluid in 
the peritoneal cavity. Anasarca is a generalized subcuta- 
neous edema. Edematous tissue usually ‘‘pits on pressure,’* 
i.e., pressure, as by the finger, displaces fluid from the tissue 
and leaves a dent, which is slowly filled in as the fluid flows 
back into the area. 

Factors governing interchange of fluid between capillaries 
and tissue spaces are (1) hydrostatic capillary pressure, 
tending to force fluid through capillary walls; (2) colloid 
osmotic pressure of plasma proteins which tends to hold fluid 
in capillaries, and to draw it from tissues into blood; and 
(3) the permeability of the capillary walls. The delicate 
normal balance may be disturbed and excess fluid pass into 
the tissues under the following circumstances : 

1. Increased Hydrostatic Pressure in Capillaries.— Nor- 
mally, the hydrostatic pressure in the arterial end of capil- 
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laries is such that the reverse force exerted by plasma pro- 
teins is overcome and fluid flows into intercellular spaces. 
In the venous end of capillaries the hydrostatic pressure is 
Jow and the fluid which has not been carried away by Ijm- 
phatics is abstracted from tissue spaces into blood. This 
balance of hydrostatic pressure is upset by venous conges- 
tion. The general venous congestion of heart failure or de- 
compensation is the most common cause. Hence cardiac 
failure is commonly associated with widespread edema (car- 
edema). Other instances of edema due to more local- 
ized venous congestion include the ascites associated with 
the portal congestion of cirrhosis of the liver, and edema 
of the ankles in pregnant women which may result from 
pressure of the enlarged uterus on iliac veins. 

2. Edema Due to Loweri^ of Plasma Proteins. — The main 
plasma protein important in this regard is albumin. It acts 
to maintain the osmotic pressure of the blood plasma and 
the normal plasma volume. Globulin is relatively unimpor- 
tant in this function since it exer^ but one-fifth the osmotic 
pressure of the albumin fraction in normal serum. A level 
of serum albumin less than 2.5 or 3 Gm. per 100 c.c. is asso- 
ciated with edema. This may be due to (1) excessive loss 
of albumin in the urine in renal disease (renal or nephrotic 
edema), and (2) failure of sufficient formation of serum 
albumin due to undernourishment from famine or disease 
(nutritional edema). Experimental removal of plasma pro- 
teins by '‘plasmapheresis’’ (repeated bleeding with return 
of washed red cells to the circulation) reproduces this type 
of edema. Sodium chloride plays a secondary role in renal 
edema, as a sufficiency of the sodium ion in the edema fluid 
is a requisite for its retention by tissues. Hence salt depri- 
vation may decrease the edema, even though salt retention 
by the kidney is not the primary cause. 

3. Edema Due to Increased Capillary Permeability. — Cap- 
illary walls are normally freely permeable to water, crystal- 
loids, and dissolved gases, but nearly impermeable to pro- 
teins. In conditions of toxic damage to endothelium, and in 
full paralytic dilatation, capillaries become readily perme- 
able to plasma proteins. Diffusion of proteins into the tis- 
sues lowers plasma osmotic pressure and increases tissue 
fluid osmotic pressure. Such occurs in acute inflammation, 
and in inflammatory edema the tissue fluid has a high pro- 
tein content. A similar increased permeability due to toxic 
capillary damage is a factor in the edema Of acute nephritis, 
in snakebite, and in angioneurotic edema. 
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The main factors in edema are outlined in Table II. 

Table II 


TYPE OF EDEMA 

main factor 

secondary factors • 

Nephrosis and chronic 
nephritis (‘*Benal 
edema’’) 

Low serum albumin due 
to loss in urine 

Amount of ingested salt 

Nutritional edema 

Low serum albumin due 
to defective regenera- 
tion caused by under- 
nourishment 


Cardiac edema 

Increased hydrostatic 
pressure in capillaries 
due to venous con- 
gestion 

Oxygen lack may cause 
increased protein per- 
meability of capil- 
laries 

Inflammatory edema 

Abnormal permeability 
of capillaries to pro- 
tein, due to dilata- 
tion and endothelial 
injury 

Congestion with in- 
creased hydrostatic 
pressure 

Acute nephritic edema 

Abnormal capillary 
permeability due to 
toxic injury of endo- 
thelium 

Lowering of serum al- 
bumin by albumi- 
nuria, Increased hy- 
drostatic pressure due 
to cardiac decompen- 
sation 

Angioneurotic edema 

Increased capillary per- 
meability 



Edematous tissues are thick, soft, moist, and boggy. On 
being cut fluid runs out freely, since it is largely free in 
tissue spaces. In edema of the lung, the fluid is found in 
alveolar spaces. 

Lymphedema. — ^Blockage of lymphatic drainage from an 
extremity produces a peculiar type of edematous enlarge- 
ment (elephantiasis). Klarial infection is the main cause of 
lymphatic blockage in tropical countries. Lymphatic de- 
struction by operative procedures, such as in a radical ampu- 
tation of the breast, results occasionally in lymphedema of 
the arm. A chronic hereditary type of edema affecting ex- 
tremities is known as Milroy’s disease. 

SHOCK 

Shock is a peripheral circulatory deflciency, or anoxemia, 
due to discrepancy in the size of the vascular bed and the 
volume of intravascular fluid.“' “ It is characterized by de- 
creased blood volume, decreased cardiac output, increased 
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blood concentration, lowering of blood pressure, and hyper- 
pota^emia. Shock tends to follow severe ii^uries, extensive 
surgical procedures with much handling of tissues, large hem- 
orrhages, extensive bums, and acute abdominal conditions. 

The theories of shock are numerous, and its exact cause 
and nature still are debatable. Considerable evidence indi- 
cates that substances absorbed from injured tissues affect 
small vessels in systemic areas. These capillaries and ves- 
sels become dilated and abnormally permeable. The result- 
ing leakage of fluid produces edema and reduces the total 
volume and volume flow of the blood at the same time that 
it increases the volume capacity.^^ Lowering of blood pres- 
sure and insuflieiency of the peripheral circulation are the 
result. 

The post-mortem changes in ^ock include congestion of 
viscera with engorgement of minute vessels, and edema of 
tissues. Edema and congestion in the lungs are often promi- 
nent findings. 
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CHAPTER IV 

BACTERIAL INFECTIONS 


Staphylococcal Infection 

Staphylococci are pus-producing organisms which grow in 
grape-like or irregular clusters, are Gram-positive, and aero- 
bic but facultatively anaerobic. The main pathogenic types 
are the golden Staphylococcus aureus and the white Staphy- 
lococcus Mus. In cultures a hemolysin is produced, which 
by laking of red cells produces a clear zone around colonies 
on blood agar plates. Staphylococci produce an exotoxin, 
which originally was believed to contain several fractions, 
referred to as leucocidin, hemolysin, acute killing fraction, 
skin necrotizing fraction, and nephrotoxin.^ Staphylococcus 
toxin is very potent in producing local necrosis, apparently 
acting by localized direct injury of cells. Treatment of the 
toxin by formalin (producing toxoid) removes its injurious 
properties, though it is still active in stimulating antibody 
formation. Toxoid is of some value in immunization of indi- 
viduals subject to staphylococcal infections. 

Wherever a foothold is gained in the body, staphylococci 
tend to produce a localized abscess. The sl^ is most com- 
monly affected, with the production of furuncles (boils) 
and carbuncles. Staphylococci are commonly present on 
healthy skin, and while mostly saprophytic, some forms are 
pathogenic. Predisposing factors of lowered resistance or 
abrasions allow them to enter tissues and produce lesions. 
Furuncles usually start about hair follicles, with production 
of a small localized but painful abscess. The abscess rup- 
tures and discharges its pus on the surface, followed by 
healing. The inflammation may extend and burrow in the 
subepithelial tissues, and a number of discrete areas of 
necrosis form in the skin from which pus is discharged. 
This more extensive lesion is a carbuncle and is particularly 
dangerous on the upper lip or upper half of the face, where 
thrombophlebitic extension may lead to cavernous sinus and 
meningeal involvement. 

Staphylococcal septicemia may occur by extension from 
any localized focus. This is an extremely dangerous con- 
dition with a mortality of .about 80 per cent. It results in 
multiple pyemic abscesses in kidneys, heart, lungs, joints, 
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etc. In some of these cases the original focus may be diffi- 
cult to identify because it has healed or is hidden among the* 
multiple lesions. 

Suppurative nephritis due to staphylococci occasionally 
results from blood stream spread without a generalized 
septicemia. Staphylococcal endocarditis is one form of acute 
endocarditis (see p. 258) and has large, soft vegetations.. 
Staphylococcal pneumonia is rare as a primary condition, 
but it may occur when resistance is depressed, as by epidemic- 
influenza.*’ * It is often rapidly fatal, with an alveolar exu- 
date of hemorrhagic and edematous character, though ab- 
scess formation occurs if life continues for more than three* 
or four days. Osteomyelitis is commonly a localized staphy- 
lococcal infection in bone (see p. 653). The organisms reach 
the bone by the blood stream from some primary, and often 
inconspicuous, focus. The localization in a certain site may 
be determined by some particular stress or injury to the 
bone. Food poisoning is sometimes caused by growth of 
staphylococci in spoiled food. 

Streptococcal Infection 

Streptococci are Gram-positive, spherical organisms which 
grow in chains. They are widely distributed and very com- 
mon bacteria which are associated with a diversity of lesions, 
including tonsillitis, otitis media, cellulitis, appendicitis, 
wound mfections, puerperal infections, bronchopneumonia, 
endocarditis, erysipelas, scarlet fever, and certain abscesses. 
Possibly associated with streptococcal infection are glomeru- 
lonephritis and rheumatic fever. 

The classification of streptococci is most commonly based' 
on their effect on blood agar. 

(1) a hemolytic streptococci (S. viridms) on blood agar 
produce a clear zone and a greenish color around the colo- 
nies, due to formation of methemoglobin and HgOg. The 
organisms of this group are of lower virulence and produce* 
chronic or subacute inflammatory conditions. 

(2) j8 hemolytic streptococci (S. 'pyogenes or S. hemoly- 
ticus) produce a clear zone or halo due to hemolysis around 
their colonies on blood agar. These organisms are in gen- 
eral highly virulent and produce acute lesions. 

(3) The y is inert and produces neither hemolysis 

nor a green color on blood agar. This group is in general 
nonpathogenic and includes the streptococci normally in- 
habiting the intestinal tract. 
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Lancefield and Hare further subdivided the hemolytic 
streptococci by precipitation reactions into four groups, of 
which the first group (Group A) includes most of the patho- 
genic forms. 

Whether specific strains of streptococci are responsible for 
scarlet fever and erysipelas is still unsettled. The hemolytic 
streptococci, although pyogenic, tend to produce a ^ffuse 
and spreading type of inflammation, rather than the circum- 
scribed abscesses so characteristic of staphylococci. In addi- 
tion to their pyogenicity and invasiveness, the hemolytic 
streptococci may produce an erythrogenic or rash-producing 
exotoxin. Other demonstrable toxins include a fibrinolysin, 
which dissolves fibrin, a hemolysin which acts on red cells, 
and a leucocidin which kills leucocytes. These toxins are 
probably factors in the invasive power of the hemolytic 
streptococci. 

The possible etiologic relationship of the hemolytic strep- 
tococcus to rheumatic fever is still unsettled (see p. 252). 
However, in infections with the hemolytic streptococcus non- 
suppurative lesions often appear in various organs at irreg- 
ular periods after the onset of the infection. The heart, 
kidneys, liver, spleen, etc., may show such lesions. In the 
heart these lesions are usually focal accumulations of lym- 
phocytes and plasma cells. It has been suggested that such 
lesions are due in part to an antigen-antibody reaction, and 
possibly are precursors of Aschoff bodies.* 

Wound Infections. — ^Invasion of streptococci through any 
wound of the skin, or even a small cut or abrasion, may re- 
sult in a dangerous infection. The organisms may spread 
rapidly in subcutaneous tissues, producing a cellulitis, with 
diffuse suppuration in later stages. Spread is often along 
lymphatics, with the formation of reddish streaks (lym- 
phangitis). When the lymphatic glands are reached, they al- 
so become swollen and tender (lymphadenitis). The more 
virulent infections reach the blood stream and produce gen- 
eral septicemia. This may be associated with severe symp- 
toms, chills, a high fever, and a rapidly developing hemolytic 
anemia. Foc^ pyogenic lesions are not common with strep- 
tococcal septicemia as they are in staphylococcal pyemia, 
though lungs, joints, or heart valves may be affected. Toxic 
degenerative changes (cloudy swelling and fatty degenera- 
tion) are marked in the heart, liver, and kidneys, and the 
spleen is enlarged, soft, and of purplish-red color on the cut 
surface (acute splenic tumor). 
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Pueii)eral endometritis and myometritis are particularly 
dangerous forms of streptococcal wound infection. The raw 
surfaces of the post>partum uterus facilitate invasion, and 
rapid spread may occur by infection of lymphatics and blood 
vessels. 

Erysipelas. — ^Erysipelas is a spreading streptococcal infec- 
tion of the skin. The organisms enter through some noinute 
wound or abrasion. Spread occurs by lymphatics, which are 
especially involved. The lesion appears as an elevated red- 
dened area of skin Avith an irregular advancing margin. The 
inflammatory reaction in the corium is characterized by 
many lymphoid and mononuclear wandering cells. Suppura- 
tion is unusual unless deeper parts of the skin and subcuta- 
neous tissues are invaded. 

Scarlet Fever (Scarlatina). — Scarlet fever is caused by a 
strain of hemolytic streptococci in which production of an 
erythrogenic or rash-producing exotoxin is a prominent 
characteristic. The infection is usually a local one, with 
sore throat, accompanied by fever and a widespread skin 
rash. It is frequently complicated by glomerulonephritis or 
otitis media. 

The organism produces a potent exotoxin, which by injec- 
tion into the skin may be used to demonstrate susceptibility 
or immunity to the toxin (the Dick test). In susceptible in- 
dividuals a bright red swollen area develops in about twenty- 
four hours. If the serum from a scarlet fever convalescent 
is injected into the skin of an individual suffering from the 
disease, the rash is blanched in that area due to local neu- 
tralization of the toxin (Schultz-Charlton phenomenon). 

An inflammatory lesion of the throat is constantly present. 
Occasionally, invasion by the streptococci produces suppura- 
tive lesions, but most of the distant manifestations are due 
to toxin production. The skin rash shows marked vascular 
dilatation, and in late stages the lesion is infiltrated by leuco- 
cytes. A generalized lymphoid hyperplasia and some degree 
of acute splenic tumor are usually present. Cloudy swelling 
of the heart, liver, and kidneys accompanies the infection. 

Acute glomerulonephritis is a complication which often 
develops during convalescence. It usually clears up com- 
pletely but may give rise to a subacute or chronic glomeru- 
lonephritis and progress to a fatal ending. The result de- 
pends on the severity of the injury to glomeimli. The dam- 
age is believed to be caused not by the streptococci them- 
selves but by their toxins, and the lesion may be a manifesta- 
tion of an aUergic reaction. 
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Streptococcal Sore Throat. — ^The hemolytic streptococcus 
is a common cause of sore throat, which sometimes occurs in 
epidemic form. Direct spread from one individual to an- 
other is common, but milk-borne epidemics also have occurred. 

Streptococcal Bronchopneumonia. — The streptococcus is 
particularly important as a cause of bronchopneumonia com- 
plicating other infections, such as epidemic influenza (see p. 
359). 

Streptococcal Endocarditis. — The hemolytic streptococcus 
is one of the organisms which may cause acute ulcerative 
valvular endocarditis. Streptococcus viridans is the common 
cause of the more prolonged but equally fatal subacute bac- 
terial endocarditis (see p. 256). 

Pneumococcal Infection 

The principal disease caused by the pneumococcus is lobar 
pneumonia (see p. 353), but less commonly it is the etiologic 
agent in peritonitis (in children), endocarditis, and men- 
ingitis. 

Gonococcal Infection 

The gonococcus, described by Neisser in 1879, is a Gram- 
negative pyogenic organism, characteristically seen in diplo- 
coccal form within the cytoplasm of pus cells. Gonorrhea 
is a disease of venereal nature, the primary acute infection 
involving the urethra in the male and the urethra, cervix, 
and Bartholin's glands in the female. In the acute stage the 
inflammation is characterized by congestion, swelling, and a 
profuse purulent exudate. 

While in many cases the condition rapidly subsides and 
may completely clear up, there is often spread or develop- 
ment of chronicity. In the male, spread occurs to the poste- 
rior urethra, with involvement of prostate, seminal vesicles, 
and epididymis. Spread by the blood stream may lead to 
joint involvement (arthritis). Healing may cause damage 
by fibrosis, which in a joint causes decreased mobility. 
Mbrosis in the epididymis may result in sterility and in the 
urethra produces stricture and interference with urination. 
In the female, spread from the cervix results in salpingitis 
following a transient and mild endometritis (see p. 579). 

Gonococcal endocarditis may result from blood stream 
spread of the organism. It is an acute destructive valvular 
involvement, with veiy large and friable vegetations. The 
valves of the right side of the heart are more frequently 
involved than in other types of endocarditis. 
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Gonococcal infection in infancy particularly involTes the 
conjunctiva and vagina. In newborn infants an acute con- 
junctivitis may arise from organisms acquired in passage 
through the birth canal. It produces severe injury of the 
cornea and blindness, but its occurrence is prevented in most 
cases by a routine prophylactic instillation of silver solution 
into the infant’s conjunctival sac. 

Vulvovaginitis due to the gonococcus is fairly common in 
female infants, whereas the more cornified adult vaginal 
mucosa resists the infection. It is usually du'e to contact 
with materials contaminated by gonorrheal pus. The infec- 
tion is usually mild and complications are uncommon. Chang- 
ing the character and reactions of the vaginal mucosa by 
hormonal (estrogen) injections will often cure the infection. 

Diphtheria 

Diphtheria is a disease in which the organism forms a 
characteristic local lesion on the mucosa of the throat or 
upper respiratory passages. Widespread effects are pro- 
duced by formation of a powerful exotoxin rather than by 
invasion or blood stream spread. C, diphtheriae may be 
identified in cultures by swabs obtained from involved mu- 
cosa spread on Loeffler’s medium. Diphtheria is most com- 
mon in children between 2 and 10 years of age, which is the 
period of greatest susceptibility. Immunity to diphtheria 
depends upon immunity to the toxin due to the possession 
of a requisite amount of antitoxin. In the Schick test to 
determine immunity, a minute amount of toxin is injected 
intracutaneously. If antitoxin (immunity) is present, no 
reaction occurs. A positive local reaction of congestion and 
inflammation, reaching a peak in about four days, indicates 
lack of immunity. Evanescent passive immunity is produced 
by injection of antitoxin contained in the serum from im- 
munized horses. More lasting (active) immunity results 
from injection of modified toxin or toxoid. 

The local lesion of diphtheria on the mucosa of the throat, 
larynx, trachea, or elsewhere is characterized by formation 
of a false membrane. This is composed of necrotic surface 
tissue welded together by fibrin and infiltrated by leuco- 
cytes. The term diphtheritic membrane frequently is used 
for such a pseudomembranous layer on a mucosal surface, 
whether it is caused by C. diphtheriae, by other bacteria, or 
by injurious chemicals such as strong acids, alkalies, or 
heavy metal salts. 
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In the pharynx the diphtheritic membrane is closely ad- 
herent, but in the trachea and bronchi the membrane is more 
easily detached and often coughed up in large fragments. 
The chief danger of the membrane is obstruction of respira- 



Fig. 11, — ^Diphtheritic trach^tis. Note the tracheal cartilage on tha 
left, the edema and inflammatory infiltration of the tracheal wall, and 
the diphtheritic membrane on the right, with its abundant fibrin and 
inflammatory ceUs. 
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tory passages, and asphyxiation is one of the major causes 
of death in diphtheria. The mechanical obstruction due to 
the membrane is enhanced by local inflammatory swelling 
and edema, and by laryngeal spasm. Occasionally the diph- 
theria organism attacks other mucous membranes, such as of 
the nose, conjunctiva, or vagina. 

The more distant effects of diphtheria are also serious, 
and mortality is frequently due to circulatory failure. This 
is contributed to by relaxation of blood vessels from loss of 
vasomotor control as well as by toxic degenerative changes 
in the myocardium. Bronchopneumonia, due to streptococci 
or other organisms, is a common complication. Degenera- 
tive changes occur in the liver, adrenals, and kidneys. In 
some cases the kidneys show, in addition, an acute inter- 
stitial nephritis (see p. 296). Nerve paralyses are common 
and are due to degenerative changes in nerve fibers. The 
muscles of the palate and of the eyes are most frequently 
paralyzed. 

Tetanus 

In tetanus, as in diphtheria, there is production of a power- 
ful exotoxin with distant and far-reaching effects, although 
growth of the bacteria remains localized, with little or no 
invasion. The organism, Cl. tetani, is an anaerobic rod. 
Gram-positive, and forming characteristic terminal spores. 
The spores are very resistant and are common in dust and 
soil which has been contaminated by excreta. Infection oc- 
curs particularly in deep penetrating wounds soiled by such 
dirt, and in which growth is promoted by anaerobic condi- 
tions and by the presence of injured or dead tissues. The 
incubation period varies from three or four days up to sev- 
eral months. The more severe and serious cases have shorter 
incubation periods. 

The tetanus toxin has a direct effect upon the central 
nervous system. Whether carried there by blood stream or 
by nerve fibers is a matter of debate. Hyperexcitability of 
the nervous system results and gives rise to muscular spasms 
and convulsions. The spasms often begin in the masseter 
muscles, and hence the term ^'lockjaw.^' No specific ana- 
tomical changes are recognizable in the nervous system or 
elsewhere by ordinary methods of examination. 

Anthrax 

Anthrax is a septicemic bacterial infection due to a large, 
square-ended, Gram-positive, encapsulated bacillus, which 
readily forms highly resistant spores. The disease is en- 
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zootic in certain regions among sheep, ^ cattle, and other her- 
bivorous animals. Human infection is mainly among indi- 
viduals who handle the hides or hair of infected animals, 
and hence the disease is most common among tanners, 
butchers, brush- and hairworkers, and woolsorters. The 
danger of infected mink fur has been pointed out by Pink- 
erton.® Infection is by way of the gastrointestinal tract in 
animals, but in man this is uncommon. ^ 

Anthrax in man is commonly an infection of the skin 
(^'malignant pustule’’) or of the lungs (''woolsorters’ dis- 
ease’’)- The essential features of anthrax lesions are acute 
congestion, hemorrhages, and effusions of bloodstained serous 
fluid. 

Malignant pustule is the common form of anthrax in man. 
The organism enters through a small abrasion of the hand, 
face, or neck, and in five or six days a reddened vesicle ap- 
pears. This vesicle contains serous or hemorrhagic fluid and 
many organisms but is not purulent (and hence is not truly a 
‘^pustule”). The vesicle breaks down and forms a depressed 
bladkened scab, surrounded by pinkish vesicles and a broad 
zone of edema. The lesion ia often relatively painless, ap- 
parently due to axonal degeneration of local nerve fibers of 
the skin. The exudate in the lesion is mainly hemorrhagic, 
and the few leucocytes present appear unable to phagocytose 
the encapsulated organisms. Spread does not occur to under- 
lying muscle.^ Healing and recovery may occur, or in severe 
cases with blood stream invasion, there is septicemia, with 
rapid collapse and death. 

In occasional cases the primary local lesion is in the nasal 
mucosa, from which perineural lymphatic spread to the 
brain may result in a peculiarly hemorrhagic meningitis. 

Woolsorters’ disease occurs among workers in woolsorting 
and brushmaking. The infection enters by the respiratory 
tract. A localized lesion forms in a bronchus, from which 
spread produces a hemorrhagic bronchopneumonia. 

In fatal cases of anthrax the blood vessels are sometimes 
filled with the large bacilli, a finding often prominent on 
low-power examination. 

Gas Gangrene 

Gas gangrene is an infection by one or more pathogenic 
anaerobes of the saccharolytic group of the genus Clostridia 
(CZ. welchii. Cl, septique, Cl, oedematiens) , These organisms 
being anaerobic, they thrive best in dead tissue and where 
oxygen tension is low. Hence this infection is particularly 



BACTERIAL INFECTIONS 


75 


apt to complicate wounds in which there are destruction of 
tissues, absence of free drainage, and some interference with 
circulation. The condition develops in a few hours up to a 
few days after infection of the wound or dead tissue. A 



Fig. 12. — ^Puerperal endometritis and myometritis (Cl, Welchii). 
Note the sponginess of the myometrium, caused by gas formation. 
(Oomtesy Dr. H. C. Schmeisser.) 
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limb in wbich the circulation has been cut off may have very 
massive involvement. In other cases of wound infection, 
there is an active spreading involvement of muscle. Gas 
production makes the tissue crepitant, and bubbles of gas 
may appear when the tissue is pressed upon. Muscle par- 
ticularly ^is involved, the dead muscle appearing brown and 
opaque. Later the skin and other tissues become affected, 
and appear yellowish, greenish, or black and putrefactive. 
In terminal stages there may be wide dissemination of the 
organisms. However, in most cases where such widespread 
involvement of tissues is found at autopsy, the spread has 
been post mortem (see post-mortem changes, p. 45). Vari- 
ous internal organs, such as the liver, are found to be spongy 
and full of gas. 

Puerperal infection with Cl. welchii or related organisms 
occasionally occurs, the anaerobes gaining a foothold in the 
necrotic material inevitably left in the uterus following de- 
livery of the child. The wall of the uterus becomes involved, 
and terminally there may be extensive spread throughout 
the body. 

Plague 

Plague is an acute, highly fatal, infectious disease caused 
by PasUurella pestis. It is primarily a disease of rats and 
other rodents, and is transmitted to man by fleas. Cases have 
occurred in western United States, where endemic foci of 
sylvatic plague exist among California ground squirrels. 
India and China are important endemic centers of plague. 

The disease has been classified into bubonic, septicemic, and 
pneumonic forms, accordiug to whether the lymphatic system, 
blood, or lungs are involved primarily. The organisms affect 
lymphatic tissue and blood vessels, produciug a hemorrhagic 
septicemia, and are abundant in blood. After a flea bite or 
contact with infected material, spread occurs to lymph nodes, 
usually without development of a lesion at the site of entry. 
The involved lymph nodes (buboes) are necrotic and enlarged 
by intense congestion and hemorrhagic edema. Septicemic 
spread may follow, with involvement of many tissues, in- 
cluding lungs (secondary pneumonic plague). There is a 
marked destructive effect on blood vessels, and marked con- 
gestion of all organs and extensive hemorrhagic extravasa- 
tions are usual. Primary pneumonic plague spreads from 
person to person by droplets of infected sputum. Bronchioles 
and alveoli are distended by a hemorrhagic exudate contain- 
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ing little fibrin and many organisms. Primary septicemic 
plague is acquired through mucous membranes of the mouth, 
throat, and eonjunetiva. 

TJndnlant Fever (Brucellosis) 

Undulant fever has become recognized within recent years 
as a frequent and widespread infectious disease. The 
BruceUa organisms causing the disease are of three strains, 
Br. abortus, the bovine strain from cattle, Br. suis, the 
porcine strain from swine, and Br. Toditensis, the caprine 
strain from goats. The term undulant fever refers to the 
intermittent febrile periods which are a common manifesta- 
tion. Positive diagnosis depends largely on laboratory pro- 
cedures. The mortality is low, and the lesions found post 
mortem have varied from slight reticulo-endothelial hyper- 
plasia to granulomatous lesions of spleen and lymph nodes 
resembling tuberculosis or Hodgkin’s disease. Endocarditis, 
meningitis, and arthritis due to Bf. abortus have been re- 
ported. 

Tularemia 

Tulareania is an infectious disease caused by P. tularensis. 
It is characterized by necrosis with subacute and chronic 
granulomatous lesions in lymph nodes, liver, spleen, and 
lungs. Wild rabbits form a reservoir of the disease, and 
most human eases are due to the handling of infected rab- 
bits. The condition also occurs in ground squirrels, wild 
rats and mice. The organisms are transferred between ani- 
mals by the woodtick. While most human infections are 
due to handling infected carcasses, it may also be trans- 
ferred by the bite of ticks and deer flies. 

The clinical types of the disease are (1) ulceroglandular, 
in which a primary lesion forms at the site of inoculation in 
the skin, followed by enlargement of regional Isrmph nodes ; 
(2) oculoglandular, wherein the primary involvement is in 
the conjunctiva and is followed by lymph node enlargement ; 
and (3) typhoid type, in which the primary point of inocu- 
lation and the lymph node enlargement are not obvious. 
Most cases are of the ulceroglandular t^e. Specific agglu- 
tinins, useful in diagnosis, develop during the second week 
of the infection. The disease has a mortality of about 4 per 
cent. A nonfatal attack confers lasting immunity. 

In tularemia, there are two effects in human tissues, (a) a 
necrotizing effect due to the organism, producing caseous 
necrosis, and (b) a tissue reaction in which monocytes and- 
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epithelioid cells predominate. In early lesions the necrosis 
tends to predominate, while in old lesions the cellular reac- 
tion and fibrosis are more prominent. A polymorphonuclear 
leucocytic reaction is usually absent unless there is a sec- 
ondary infection. 



Pig. 13. — Tularemia of spleen. Note the confluent areas of caseous 

necrosis. 

The characteristic lesions of focal caseous necrosis and 
mononuclear cell reaction are found in the lymph nodes 
draining the primary lesions, and also commonly in the 
spleen (70 per cent), liver (55 per cent), and lung (70 per 
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cent) . The pulmonary involvement is a nodular or confluent 
pneumonia with mononuclear exudate and a tendency to 
caseous necrosis of exudate and alveolar walls (see p. 362). 
In fatal cases the necrotizing factor in tularemic lesions is 
particularly prominent, while in i^ecimens from nonfatal 
cases the epithelioid cell reaction is more striking, and there 
may be multinucleated giant cells of the Langhans’ type.^® 
The organisms are found in the lesions of lower animals, but 
are scarce and usually not demonstrable in human lesions. 
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CHAPTER V 
TUBERCULOSIS 

Tuberculosis is a leading cause of death, although the mor- 
tality rate is steadily declining. Most of the deaths occur in 
infancy and early adult life. The causative organism, Myco- 
bacterium tuberculosis, possesses a fatty capsule and stimu- 
lates a specific granulomatous tissue reaction characterized 
by caseous necrosis, pale mononuclear ‘‘epithelioid’’ cells, 
and giant cells with multiple peripheral nuclei. Human and 
bovine strains of the organism are important. Most pulmo- 
nary tuberculosis is caused by the human type, but the 
bovine type is quite commonly found in intestinal, bone, and 
joint tuberculosis in children. Infection with the latter type 
is spread by milk from infected cows and has become micom- 
mon with more universal pasteurization. Infection with the 
human strain may be by inhalation directly into the lungs 
with droplets or dust, or through lymphoid tissue of the 
pharynx or intestine. The majority of individuals are in- 
fected before reaching adult life. In most cases resistance is 
sufficient to overcome infection with a small dose of organisms. 
Following this early infection there is an enhanced sensitivity 
or allergy to products of the organism, as manifested by a re- 
action to a tuberculin skin test. The lung is the organ most 
frequently affected, but Ijmph nodes, intestine, kidney, brain, 
meninges, spleen, and liver are also commonly involved. 
Spread in the body occurs by direct extension, lymphatics, 
blood stream and by natural passages such as bronchi. 

The Tubercle Bacillus 

The tubercle bacillus, discovered by Koch in 1882, belongs 
to Ihe group of Mycobacteria. This group of “acid-fast” 
bacilH also includes the bacillus of leprosy and certain sapro- 
phytic organisms such as the smegma bacillus. Human and 
bovine strains of the tubercle bacUlus commonly infect man, 
but human infection with the avian strain is very rare. The 
humm strain is virulent in man and the guinea pig, but 
rabbits and fowls are resistant. The bovine strain, in addition 
to infecting cattle, is virulent for the rabbit, guinea pig, and 
man. The human and bovine strains, while distinguishable 
by c^tur^ methods, are best differentiated by studying their 
relative virulence for rabbits. 


so 
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The tubercle bacillus is a slender rod with a somewhat 
beaded or granular appearance. It can be stained in smears 
or tissues by the Ziehl-Neelsen method, which consists of 
staining by hot basic fuchsin, and decolorization by acid. 



Fig. 14. — Tuberculosis of lymph node. Note the caseation, epithelioid 
cells, and characteristic multinucleated giant cells. 

The organisms, being ‘‘acid fast,^^ retain the dye and are 
colored red. When the organisms are scanty, a concentra- 
tion method, using antiformin, may be useful. When the 
organisms are small in number, staining methods may fail, 
but inoculation of infected material into guinea pigs will 
reveal their presence, for this animal will develop character- 
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istic tuberculous lesions within six weeks. Granular and 
nonacid-fast forms of the tubercle bacillus as well as the 
typical forms may be present in lesions and represent phases 
of growth of the organism.^ 

Chemical fractions have been isolated from tubercle bacilli 
which on injection cause reproduction of the cellular reac- 
tions of tuberculosis, though they do not bring about any 
change in resistance to the disease. These chemical frac- 
tions include lipids, polysaccharides, and proteins. ^ One of 
the lipids (a phosphatide) is taken up by phagocytic mono- 
nuclear cells and converts them into epithelioid cells and 
derivative giant cells, the characteristic cells of tuberculous 
lesions. Certain waxes (higher hydroxy-acids) are r^pon- 
sible for the acid-fastness of the bacilli, and on injection 
induce the formation of multinucleated giant cells of foreign 
body type. The polysaccharides have a chemotactic effect 
on neutrophiles. The proteins induce a varied stimulation 
of monocytes into epithelioid cells, macrophages, and giant 
cells.® 

Route of Infection 

(1) Direct infection of the lung by inhalation of organ- 
isms with droplets or dust particles is the most important 
method of infection. (2) Infection through the alimentary 
tract occurs in bovine bacillus infection from milk. The or- 
ganisms enter through the lymphoid tissues of the tonsils or 
pharynx to involve cervical lymph nodes, or through the 
intestine to reach mesenteric lymph nodes. No lesion may be 
left at the point of entry. Prom infected nodes, lymphatic 
extension to the thoracic duct and then by the blood stream 
may result in pulmonary tuberculosis. Except in children, 
the intestinal route of primary infection is probably uncom- 
mon. (3) Infection through the skin is rare, but it may 
occur in surgeons and pathologists who handle infected tis- 
sues. It usually results in a local lesion rather than gener- 
alized infection. (4) Congenital infection may occur when 
there are placental lesions, but this is rare and unimportant. 

Tissue Reactions in Tuberculosis 

Tubercle bacilli in tissues result in localized nodules of 
tissue reaction, called tubercles. The characteristic features 
are a core of coagulative caseous necrosis, surrounded by a 
cluster of peculiar mononuclear (epithelioid) cells, some of 
which fuse to form giant cells with multiple peripheral 
nuclei, and an outer border of lymphocytes. 



TUBERCULOSIS 


83 


When tubercle bacilli are injected into tissues, there is a 
prompt outpouring of polymorphonuclear leucoc^es. Very 
rapidly, however, the reaction becomes mononuclear. These 
phagocytic cells are derived from histiocytes and rapidly en- 
gulf the organisms and degenerated leucocytes. The fatty ma- 
terial thus engulfed becomes dispersed in fine particles 
throughout the cell, giving it a distinctive appearance with re- 
semblance to an epithelial cell. These transformed cells are 
called epithelioid cells. They have large oval pale nuclei, 
abundant pale eosin-staining cytoplasm, and are bound to- 
gether by irregular branching processes. Cell boundaries are 
often indistinct, and the appearance is that of a syncytium. 
Near the central part of the cluster of epithelioid cells, there 
may be one or more giant cells. These are formed by fusion 
of epithelioid cells about a small bit of necrotic material, or 
possibly by amitotic division of nuclei without cellular divi- 
sion. They are but modified forms of foreign body giant 
cells. The nuclei form a ring about the periphery, or cluster 
at one or more poles of the giant cell. 

A coagulative caseous necrosis develops in the center of 
the tubercle. This is caused by destructive action of bac- 
terial products, and contributed to by the avascularity of 
the tubercle. No blood vessels are present within the tubercle 
itself. The necrotic material is granular and cheesy in its 
gross appearance, and usually no residual histologic evidence 
of tissue structure can be seen in it. Lymphocytes border 
the periphery of the epithelioid cluster, and as the lesion 
ages, fibrosis develops around the tubercle. 

The several elements which compose the tubercle vary 
quantitatively. When dosage and virulence of the organ- 
isms are low and resistance is high, epithelioid cells are pre- 
dominant, giant cells may be scarce, and there is little or no 
necrosis. This type of lesion is often termed a ‘'hard 
tubercle.” On the other hand, when the dosage and viru- 
lence are high in comparison with resistance, necrosis may 
predominate, and epithelioid cells are relatively scarce. 
These are “soft tubercles.” 

The smallest tubercles are of microscopic size, but their 
enlargement or fusion produces visible lesions. The smallest 
of these, about the size of a millet seed, are little grayish 
areas, a millimeter or two in diameter, with a minute yellow- 
ish point of necrosis in their centers. 

The afore-mentioned reactions are essentially productive, 
but in certain situations tuberculous inflammation may be 
exudative. On serous surfaces such as the peritoneum, in 
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tubereulous pnuemonia and tuberculous meningitis, there 
may be a serofibrinous exudate in addition to tubercle for- 
mation. 

If the tubercle is very small, healing may result in its dis- 
appearance or replacement by a fibrous sear. A considerable 
amount of caseous material may not be absorbed, but be- 
comes calcified by the deposition of calcium salts. This tend- 
ency to calcification is comparable to calcium deposition in 
any devitahzed tissues in the body (dptrophie calcification) 
and possibly depends on a localized increased alkalinity of 
the necrotic material. "While calcified tuberculous lesions 
ordinarily are considered healed, it is sometimes possible to 
demonstrate living tubercle bacilli in them. Under certain 
circumstances, the necrotic material of tubercles can be dis- 
posed of by natural passages, e.g., a tubercle in the lung 
may rupture into a bronchus, and the caseous mass trans- 
ferred by bronchial passages leaving a cavity. The highly 
infective caseous material may be coughed up or inhaled 
into other parts of the lung. 

£esistance and Allergy in Tuberculosis 

Three important variable factors in tuberculosis are dos- 
age of organisms, resistance (constitutional and acquired), 
and allergy. Dosage is a factor of prime importance, often 
determining whether the infection will be slight and easily 
handled, or progressive and fatal. The roles of immunity 
and allergy are disputed. There appear to be some differ- 
ences in constitutional and racial immunity, but they are 
probably of less importance than environmental factors (i.e., 
exposure and dosage). The high rate of tuberculosis in 
negroes may have some basis oif racial susceptibility, but 
environmental factors are probably of greater importance. 
Age appears also to be a factor in susceptibility, since chil- 
dren between 4 and 14 years do not often acquire tuberculo- 
sis, and individuals past middle age are affected relatively 
little by tuberculosis.® 

Allergy, in the sense of an altered tissue reaction to bac- 
terial products, occurs as a result of infection with tubercle 
bacilli. The skin reaction with tuberculin is a manifestation 
of this allergy. The altered form and course of tuberculosis 
in adults as contrasted with those of childhood tuberculosis 
have been ascribed to allergy resulting from childhood iiifec- 
tion, although there is disagreement on this point. 

Enhanced resistance or partial immunity to fresh infection 
may result from an infection which has been successMy 




!Fig. 15. — Miliary tuberculosis. Miliary tubercles iu lung^ liver, 
spleen, and kidney from an infant with acute miliary tuberculosis. 
(Courtesy Dr. H. C. Schmeisser.) 
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combated because of low virulence or dosage of organisms. 
While this increased resistance is usually concomitant with 
demonstrable allergy, there is evidence that the allergy and 
immunity are at least partially independent.® At any rate, 
decisive factors determining progression of tuberculosis are 
dosage of tubercle bacilli and constitution, the latter includ- 
ing heredity, nutritional state, and resistance as modified 
by environment and previous infection.^ 

Miliary Tuberculosis 

Miliary tuberculosis is the result of widespread dissemi- 
nation of large numbers of tubercle bacilli by the blood 
stream. Myriads of tiny miliary tubercles develop in the 
spleen, liver, kidneys, meninges, and other organs. The 



Fig. 16 . — ^Miliary tuberculosis of spleen. (Courtesy Dr. H. C. 
Schmeisser.) 

tubercles are seen as grayish nodules, a millimeter or two in 
diameter, fairly uniform in size, studding the outer and cut 
surfaces of affected organs. The patient exhibits fever and 
intense intoxication, and death usually results in a few weeks. 
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The spread of such large numbers of tubercle bacilli by the 
blood may be the result of tuberculous infection of a vessel 
wall with rupture of caseous material into the lumen; e.g., a 
tuberculous mediastinal lymph node may rupture through the 



Fig. 17. — Miliary tubercles in lung. Note the focal areas of caseous 
necrosis, about wmch there is relatively little epithelioid cell forma- 
tion. 


infected wall of an adjacent pulmonary vein. Occasionally a 
lesion of the thoracic duct similarly causes massive vascular 
spread. Auerbach® has concluded that miliary dissemination 
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is commonly from an extrapulmonary lesion into the draining 
lymphatic system, and in turn into the venous system. Usu- 
ally there are multiple seedings of organisms. 

Organisms spread in small numbers by the blood stream 
may cause a few tuberculous lesions in spleen, liver, or kid- 
ney. Many such lesions heal and are seen as rounded, gray- 
ish-white fibrous or calcified nodules, a few millimeters in 
diameter. 

Pulmonary Tuberculosis 

Childhood Type. — The childhood or primary type of pul- 
monary tuberculosis is characterized by development of a 
small peripheral or subpleural tubercle (sometimes multiple), 
which may develop in any portion of any lobe. It is more 
frequent in the lower or middle part of the lung and is 
rarely at the apex. This tuberculous lesion was minutely 
studied by Ghon and is frequently termed the Ghon tubercle. 
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It develops to a size of 1 to 3 cm., and from it spread occurs 
by lymphatics to mediastinal lymph nodes, which become 
greatly enlarged and caseous. The combination of the 
peripheral lung lesion and enlargement of the tracheobron- 
chial lymph nodes is characteristic, and the two lesions to- 
gether are called the primary complex. Progression by 
lymphatic or blood stream dissemination may occur, but in 
most cases there is healing with fibrosis or calcification. In 
most adult lungs healed remnants of primary tuberculous 
infection may be found by careful search. 

Adolescents or adults not previously infected may also 
show the primary type of tuberculous lesion. Whether pri- 
mary pulmonary infection in the adult can take other ana- 
tomic forms is still uncertain. 

Most eases of bovine tuberculous infection from milk oc- 
cur in childhood, but even at this age the bovine bacillus 
accounts for but a small proportion of tuberculosis. The in- 
fection occurs by way of the alimentary tract, with involve- 
ment of cervical or mesenteric lymph nodes. It rarely leads 
to pulmonary tuberculosis. 

Pulmonajy Tuberculosis in Adults (Phthisis).— A large 
proportion of individuals have had a tuberculous infection 
before reaching maturity, as revealed by tuberculin skin 
tests. This proportion varies from 30 to 90 per cent in dif- 
ferent areas and social groups. A debated problem is 
whether adult tuberculosis represents a fresh infection from 
without, or a lighting up or reinvasion from a partially 
healed earlier lesion in which tubercle bacilli have remained 
viable.^ There is no doubt that both can and do occur, but 
it is generally considered that exogenous reinfection is the 
more frequent process. 

In adult pulmonary tuberculosis there is a very constant 
localization of lesions in the upper part of the lung (apical 
region). The reason for this has never been adequately ex- 
plained, though frequently ascribed to differences in move- 
ment of that portion of the lung. 

An acute exudative tuberculous lesion develops in the 
subapical portion of the lung. If the infection is overcome, 
healing occurs with fibrosis, leaving a depressed fiibrous soar 
at or near the apex. Such scars are very commonly found 
at autopsy. They usually are considered to represent such 
a healed tuberculosis process, but Davson has suggested that 
apical scars also may be due to the accumulation of inhaled 
siliceous dust.® 
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Fig. 21. Tuberculous cavity in apex of lung. TOiite rod shows the 
communication of the cavity with a bronchus. (Courtesy Dr. H. C. 
Schmeisser.) 
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If the lesion progresses, a nodular mass of tuberculous 
granulation tissue is formed, with caseation necrosis. Heal- 
ing and fibrosis about the margins result in a fibrocaseous 
lesion, which in some cases is well walled off and may be 
stationary. If healing is less complete, irregular extensions 
occur into the adjacent lung tissue. When a bronchial wall 



Fig. 22. — Tuberculous pericarditis. Note the tremendous thickening 
of the pericardium, the caseation of the mediastinal lymph nodes, and 
the tubercles in the lungs. (Courtesy Dr. H. C. Schmeisser.) 

becomes involved in such extension, the caseous material is 
discharged and coughed up, leaving a cavity in the lung. 
Such cavities may be up to 4 or 5 cm. in size, have thickened, 
fibrocaseous walls, and a rough irregular lining. Secon^ry 
infection by inhaled organisms is usual in these cavities. 
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Severe hemorrhage may occur into a cavity, but hemorrhage 
is usually slight or entirely lacking due to narrowing of the 
lumen of involved vessels by intimal thickening (endarte- 
ritis obliterans) and thrombosis. The thickened vessels are 
sometimes seen as firm cords traversing the cavity. 



Pig. 23, — Tuberculous enteritis, terminal ileum. Note the oval ulcers 
which tend to encircle the bowel. (Courtesy Dr. H. 0, Schmeisser.) 


Spread from the active apical lesion may occur by the 
blood stream, giving rise to miliary tuberculosis, or by 
bronchial passages to other parts of the lung. With a tuber- 
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culoTis cavity in conunnnication with a bronchus, highly 
infected sputum or caseous material may be aspirated into 
uninvolved portions of the lungs. When small numbers of 
organisms are so aspirated, small isolated tuberculous nodules 
found in the lower portions of the lung. When huge num- 
bers are aspirated, a confluent tuberculous bronchopneumonia 
develops and progresses rapidly to a fatal ending (galloping 
consumption). With such an event, the involved portions of 
the lung are consolidated, airless, and have a gelatinous con- 
sistency. Microscopically, there is a massive caseation, the 
alveoli being filled with necrotic material. There is rela- 
tively little exudate, and few epithelioid or giant cells are 
formed. 

Healing of tuberculous cavities of the lung is most com- 
monly by inspissated caseous contents filling the lumen and 
becoming surrounded by contracted scar tissue. The bronchi 
entering the area become narrowed and finally have their 
lumens occluded. Rarely there may be healing by scar tissue 
with no caseous remnants remaining, or there may be ‘‘open 
healing,’’ the cavity remaining open and in communication 
with bronchi, the fibrous wall tending to develop an epithelial 
lining.® 

Extrapulmonary Tuberculosis 

Tuberculous Pericarditis. — Tuberculous involvement in the 
pericardium is usually an extension from the lungs or medi- 
astinal lymph nodes. It is characterized by extreme thick- 
ening of visceral and parietal layers by tuberculous granu- 
lation tissue (see p. 250). 

Intestinal Tuberculosis. — ^Intestinal tuberculosis may be 
primary in infancy and childhood but is usually a compli- 
cation of pulmonary tuberculosis resulting from swallowing 
infected sputum. It begins in lymphoid tissue of the ileum or 
cecum and results in ulcers whose long axes run transversely. 
(See p. 489.) The stomach is rarely involved. 

Tuberculous Peritonitis. — ^Peritoneal tuberculosis may be 
localized around an infected mesenteric node. Fallopian 
tube, or other visceral lesion. A general form also occurs in 
which both visceral and parietal peritoneum become studded 
with tiny tubercles. There may be abundant peritoneal 
exudate (wet form), or a fibrinoxis exudate causing marked 
adhesions of viscera (dry or plastic form). (See p. 512.) 

Tuberculosis of the Larynx. — ^The larynx often becomes 
infected by sputum from pulmonary lesions. Ulceration ia 
usual, and there may be considerable destruction or fibrosis.. 
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Tuberculosis of the Kidney. — The kidney is usually in- 
volved in generalized miliary tuberculosis. There also oc- 
curs a chronic ulcerative type of tuberculous pyonephrosis. 
(See p. 314.) 



Fig, 24. — Tuberculous mesenteric lymph nodes. (Courtesy Dr. H. C. 

Schmeisser.) 


Tuberculosis of the Ureter and Bladder. — Tuberculosis of 
the ureter and bladder is usually secondary to involvement 
of the kidney, and in the bladder is most prominent around 
ureteral openings. Cystitis often gives the first evidence of 
renal infection, but regresses when the infected kidney is 
removed. 
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Tuberculosis of Male (Jeuitalia. — ^Male genital organs may 
be infected from the kidney but are most often involved by 
hematogenous spread. Epididymis, seminal vesicles, and 
prostate are often infected, but involvement of the testis is 
unusual. 

Tuberculosis of Female Genitalia. — Of the female genitalia 
the Fallopian tubes are most commonly involved, and from 
them the infection may spread to the endometrium. (See p. 
580.) 

Tuberculous Meningitis. — ^Except when occurring as part 
of a miliary tuberculosis, meningeal infection is usually a 
spread from a caseous focus in the brain substance or cho- 
roid plexus. An abundant translucent exudate covers basal 
portions of the brain. In the nervous tissue itself localized 
tumor-like tuberculous lesions (tuberculomas) may develop 
to considerable size. (See p. 717.) 

Tuberculosis of Bones and Joints. — Children are particu- 
larly prone to bone and joint tuberculosis, which is some- 
times due to bovine infection. Spongy bone especially is at- 
tacked. Tuberculosis of the bodies of vertebrae (Pott’s 
disease) may cause angular kyphosis. (See p. 669.) 

Tuberculosis of the Skin. — There are several t^es of 
tuberculous skin lesions, of which lupus vulgaris is most 
common. Tuberculides are skin lesions histologically re- 
sembling tuberculosis, but in which the organisms are rarely 
demonstrable. 
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CHAPTER VI 

RICKETTSIAL AND VIRAL DISEASES 

Rickettsial and viral diseases are considered together be- 
cause they are closely related biologically. Both are caused 
by obligate intracellular parasites which lack enzjnnes neces- 
sary for independent metabolism, and utilize the enz 3 rme 
systems of the tissue cells in which they live. 

Certain bacteria may be cultivated in media containing 
relatively simple inorganic chemicals. Others require com- 
plex organic food substances which are found only in living 
animals. Rickettsiae and viruses find the metabolites which 
they require only mthin tissue cells. The nature of these 
metabolites is unkno^vn, but they are believed to be inter- 
mediary products formed in the complex processes of intra- 
cellular metabolism. 

Bacteria, rickettsiae, and viruses may be arranged in a 
series, with progressive diminution in size and progressive 
loss of independent metabolic activity. Bacteria and ricket- 
tsiae. with few exceptions, are unable to pass through un- 
glazed porcelain filters. Viruses, which range from 0.250 
micron to 0.008 micron in smallest diameter, invariably pass 
through such filters. Rickettsiae are plainly visible with the 
ordinary microscope, appearing within cells as minute diplo- 
baeilli. The elementary- bodies of some of the larger viruses 

Table III 


Eickettsial Diseases of Man 



ETIOLOGIC AGENT 

VECTOR 

DISTRIBUTION 

I Typhna Fever 

1. Epidemic 

2. Endemic 

E. prowazeki 
prowazeki 

E. prowaz^i 
mooseri 

Lice 

Eat flea 

Europe, Africa, Asia, 
Central and South 
America 
World-wide 

n Spotted Fever 

1. Boutenneuse 
fever 

D. rickettsi 

D. rickettsi conori 

Ticks 

Ticks 

World-wide 
Mediterranean Area 

ni Tsutsugamu- 
shi Disease 

E. tsutsugamushi 

Mites 

Western 

Pacific Area 

IV Q Fever 

E. bumeti 

(diaporica) 

Ticks? 

Australia, D.S.A. 

V Trench Fever 

E. pediculif 

Lice 

Europe 
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are also microscopically visible, but most viruses are beyond 
the range of the ordinary microscope. The taxonomic sepa- 
ration of rickettsiae from certain of the larger viruses, sucli 
as that of psittacosis, is based on arbitary criteria which will 
be considered later. 

Eiekettsiae and viruses, because of their complex growth 
requirements, cannot be cultivated on lifeless media. They 
may be propagated in living animals, in tissue cultures, or in 
the cells of the membranes of the developing chick embryo. 

BICKETTSIAL DISEASES 

The rickettsiae are minute organisms of bacterium-like 
morphology which lead an intracellular existence in the tis- 
sues of many arthropods. These organisms usually do not 
injure their arthropod hosts, and in several instances are 
transmitted from generation to generation hy inclusion in the 
ova. Of the many rickettsiae inhabiting arthropod tissues, 
four are known to be pathogenic for man: (1) Rickettsia 
prowazeki, the cause of louse-borne and flea-bome typhus 
fever, (2) Dermaceniroxenus rickettsi, the cause of tick- 
borne diseases of the spotted fever group, (3) Rickettsia 
tsutsugamushi, the cause of mite-borne tsutsugamushi dis-, 
ease (‘^mite typhus^O? an<i (4) Rickettsia burneti (eZi- 
aporica) the cause of Q fever. Rickettsia pediculi, an extra- 
cellular organism found in the intestinal tract of the louse, 
is the probable cause of trench fever. The rickettsial dis- 
eases with their etiologic agents and vectors are shown in 
Table III. Bartonella bacilliformis, the cause of Carri6n*s 
disease, is not usually included with the rickettsiae, but is 
closel}’' related to them, and will be discussed in this chapter 
for the sake of convenience. 

Eickettsial diseases clinically are acute fevers, usually 
with characteristic skin eruptions, and variable mortality in 
different outbreaks. Clinically variant forms are seen, partly 
as a result of variation in virulence and partly because of 
strain modifications from prolonged residence in different 
arthropod and mammalian hosts. Immunologic studies have 
shown, however, that all rickettsial diseaiaes known at present 
fall into one or another of the above groups. 

The Typhus Group. — ^Epidemic or human typhus is nu- 
merically the most important of the rickettsial diseases. 
About 15,000,000 cases, with over 3,000,000 deaths occurred 
during and shortly after the World War of 1914-1&18. In 
World War II devastating epidemics did not occur, a fact 



rig. 25. — Typhus rickettsiae. Photomicrograph showing a serosal 
cell almost completely filled with Biokettsia prowoeeld; Giemsa-stained 
film preparation from the scrotal sac of an infected guinea pig. (Cour- 
tesy Dr. Henry Pinkerton.) 
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which probably may be attributed largely to improved de- 
lousing methods and prophylactic vaccination. The etiologie 
agent, B. prowazeki (Figs. 25 and 26), is carried from man to 
man by the infected louse, Pediculus liumanus. The organ- 
isms, which multiply in the intestinal lining cells and are 
present in the feces of the louse, gain entrance to dermal 
capillaries through the puncture wound made by the louse 
in feeding. 

Endemic or murine typhus with a reservoir in wild rats, is 
transmitted to man by the bite of the rat flea. This type is 
clinically milder, and slight but definite immunologic dif- 
ferences between it and epidemic louse-borne typhus have 
been demonstrated. Presumably murine typhus may be 
transformed into epidemic typhus by repeated louse trans- 
fer, but this has not been proved. 

The gross pathology of typhus is not impressive, no 
changes other than splenic enlargement and cloudy swelling 
of the organs being seen. Microscopically, there is found a 
generalized proliferative reaction of the endothelium of small 
blood vessels, often leading to thrombosis, and caused by- 
the growth of rickettsiae in the cytoplasm of the endothelial 
cells. Localized perivascular collections of mononuclear cells 
(the so-called typhus nodules) are also characteristic. Dem- 
onstration of the organisms is difficult and requires perfect 
fixation and staining. Fixation in Eegaud’s fiuid and stain- 
ing by the Giemsa method are most satisfactory. Lesions are 
seen most strikingly in the skin, myocardium, and brain. In 
the myocardium, in addition to the vascular lesions, a diffuse 
infiltration of mononuclear cells between the muscle fibers 
is seen with myocardial fiber degeneration in some mstances. 
In the brain, the characteristic focal lesions center around 
minute damaged capillaries. Petechial hemorrhages, peri- 
vascular cuffing, and glial nodes are also seen, so that the 
picture resembles that of the various types of viral enceph- 
alitis. Interstitial pneumonitis, characterized by the accumu- 
lation of mononuclear cells in the alveolar walls, often ap- 
pears to be part of the picture of imcomplieated typhus 
fever. 

Clinically, typhus is characterized by headache, mild 
chills, and fever which reaches its height at the end of the first 
week and terminates by rapid lysis, in uncomplicated cases, on 
the fourteenth to sixteenth days. The characteristic rash ap- 
pears between the fourth and eighth days. It consists of pink 
macules and papules 2 to 5 mm. in diameter, which later be- 
come hemorrhagic because of thrombosis of the skin capillar- 
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ies. In the second week, delirium, stupor, or even coma are 
seen as a result of the encephalitis. Gangrene of the skin from 
vascular occlusion is occasionally seen. Death may be due to 
the myocarditis, to the encephalitis, to secondary- broncho- 
pneumonia, or to generalized toxemia. There is e\ddence that 
a shoeklike condition, with peripheral circulatory failure, 
hemoconeentration and low blood pressure also may be im 
portant in many fatal cases.^^ 

The mortality is 20 to 70 per cent in epidemic typhus and 
2 to 3 per cent in murine typhus. It is practically nil in 
young children and very high in the aged. 

The Spotted Fever Group. — The spotted fever group, in 
addition to Rocky Mountain spotted* fever of the United 
States, includes fiSvre boutonneuse of the Mediterranean 
countries, tropical t 3 rphus, type K of South Africa, and a 
Brazilian disease described under the name of Sao Paulo 
typhus. The etiologic agent is a rickettsia, DermacentroX’ 
envs rickettsi. The clinical picture is similar to that of 
typhus, but the rash appears earlier (on the second to fifth 
days), is more hemorrhagic, appears first on the extremities, 
and involves the palms and soles. Clinical variations, such 
as the presence in fievre boutonneuse of a local lesion at the 
portal of entiy with regional lymphadenitis, are the replt of 
strain variation. All diseases of this group are carried by 
ticks, and the rickettsiae are found in the cytoplasm and also 
in compact clusters in the nuclei of the cells of many tissues 
in ticks, including the salivary glands. Several varieties of 
ticks and several intermediate mammalian hosts are involved 
in the epidemiology of different varieties within this group. 
The mortality in Afferent localities and from various strains 
ranges from 1 to 95 per cent. 

Pathologically, the changes in spotted fever (Pig. 27) are 
much like those in typhus. Differential microscopic diagnosis 
can be made only by an experienced observer. Rickettsiae 
are found in the smooth muscle cells of arteriolar walls, 
while in typhus, the organisms are confined to the endothe- 
lium. 

The Tsutsugamushi Group. — The tsutsugamushi group of 
diseases occurs in Japan, China, Sumatra, Australia, and 
several other countries and islands along the western Pacific 
coast. This group includes ‘‘mite typhus,’’ which assumed 
military importance in World War II. The etiologic agent, 
Rickettsia tsutsugammTii^ is carried by the larval form 
of the tropical mite (Tromhicula akarmishi), Tsutsugamushi 
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disease is an exanthematie febrile illness, often difiSciilt to 
differentiate clinically from typhus and spotted fever. In 
most strains a necrotic lesion occurs at the site of attach- 
ment of the vector, together with regional lymphadenitis. 
In strains associated with a local lesion, the mortaUty is high 
(20 to 60 per cent), but in the absence of a local lesion the 
mortality is low. The disease has a reservoir in mice and 
other rodents, and one variety, ‘‘mite typhus,’^ has recently 
been transmitted to mice and guinea pigs by the injection 
of blood from human patients. 
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Fig. 27. — ^Bocky Mountain spotted fever; showing the characteristic 
vascular pathology. A fibrin thrombus partially occludes the lumen of 
the vessel, and there is a focal perivascular collection of lymphocytes 
and macrophages. (Courtesy Dr. Henry Pinkerton.) 
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Fig. 28. — ^Focal brain lesions in tsatsagamnshi disease, showing vas- 
cular origin and stages of development. 
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The pathologic changes are essentially like those in typhus 
and spotted fever, with the addition of mild rickettsial per- 
itomtis, pleuritis, and pericarditis. Interstitial pneumonitis 
(Fig. 33), probably of rickettsial origin, is usually found but 
is often complicated by bacterial bronchopneumonia. The 
tendency for thrombosis to occur is much less than in typhus 
and spotted fever, and for this reason the rash does not be- 
come hemorrhagic, and resembles more the eruption seen in 
measles. The cerebral and myocardial lesions resemble those 
of typhus and spotted fever. (Pigs. 28 and 29.) 



Fig. 29. — Interstitial myocarditis in a case of tsutsugamushi disease. 

Q Pever. — recently discovered disease, Australian Q 
fever, is probably identical with American Q fever which was 
discovered even more recently. The etiologic agent has been 
named Rickettsia bumeti and B. diaporica, respectively by 
Australian and American workers. It is a facultative intra- 
cellular parasite, growing both intracellularly and extra- 
eellularly. The organism has been isolated from ticks in 
Montana. Unlike other rickettsiae it passes through por- 
celain filters. (This characteristic suggested the generic 
name diaporica). Clinically, there is usu^y no rash, but an 
atypical bronchopneumonia, discoverable at times only by 
x-ray examination, seems to be a constant finding. The 
epidemiology is not yet clear, but there is evidence tihat, tm- 
like the other rickettsial diseases, direct transmission from 
person to person may occur without the intervention of an 
insect vector, and possibly by droplet infection. In fatal 
cases, the lungs show fiirm consolidation and mierojseopically 
an interstitial pneumonia, with infiammatory cells in the 
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alveolar walls, wMle the alveolar spaces contain fibrin with 
only a few mononuclear cells. 

Trench Fever. — ^Trench fever is a louse-borne infection, 
which proved to be an important cause of disability in 
World War I, although it is never a fatal disease. It is 
characterized by recurrent attacks of fever, with severe 
pain in muscles, bones, and joints. An extracellular organ- 
ism, named Rickettsia woThynica, appears in the intestinal 
tract of lice after feeding on febrile patients. It is probably 
the cause of the disease, although failure to transmit the 
infection to experimental animals has made conclusive proof 
impossible. Nothing is known concerning the pathologic 
changes in this disease. It reappeared on a small scale during 
World War II. 

Diagnosis of Bickettsial Diseases 

The Weil-Felix reaction, carried out much like the Widal 
reaction in typhoid, is of value in the diagnosis of typhus, 
spotted fever, and tsutsugamushi disease. The antigens used 
are strains of Bacillus proteus isolated from patients. Al- 
though this organism is unrelated to the etiologic rickettsiae, 
agglutination occurs frequently in high titers, for some un- 
known reason. In typhus, agglutination in high titer with 
B. proteus 0X19 is characteristically obtained, while in 
tsutsugamushi disease, the principal agglutinins are against 
B. proteus OXK. In spotted fever, agglutinins for both of 
the above strains are commonly present, but the titers are 
usually low. 

Injection of guinea pigs with blood from suspected cases 
is often necessary for the accurate diagnosis of sporadic 
cases of typhus, spotted fever, and Q fever. Having estab- 
lished the strain in guinea pigs, cross-immunity tests with 
known strains are carried out. 

Vaccination. — Although the rickettsiae refuse to grow on 
cell-free bacteriologic media, vaccines of undoubted value 
have been prepared against typhus, spotted fever, and Q 
fever. Of the various sources of rickettsiae, which include 
emulsified viscera of infected tissues of tie^ and lice and 
media containing living or surviving infected mammalian 
cells, the infected yolk sac membrane of the developing chick 
embryo has proved most suitable for large scale production 
of vaccine. The rickettsiae grow freely in the cells lining 
the yolk sac, and are readily freed from their host cells and 
from the yolk to form the emtilsion used for vaccination. 
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Bartonellosis (Carrion’s Disease) 

Carrion's disease is of considerable importance in Peru, 
Ecuador, Chile, and Colombia but has not been reported else- 
where. It is caused by a rickettsia-like organism, Bartonella 
lacUliformis, which is carried by sandflies. It occurs in two 
stages: an acute febrile anemia (Oroya fever) and a nodular 
cutaneous eruption (verruga peruana). The anemic stage is 
caused by the growth of the organism in the red blood cells. In 
severe cases, the red cell count falls rapidly and death occurs 
in a few days. The cutaneous eruption occurs during con- 
valescence from the anemic stage, or may occur in individuals 
who have passed through a mild anemic stage without clinical 
illness, or with only mild iUness. 



Fig. 30. — Oroya fever, showing bacillary and coccoid forms of 
Bartonella lacilliformis in the erythrocytes (Oiemsa-stained blood 
film). 

The organism, which grows in special cell-free media, is 
found in the cutaneous lesions as well as in the red blood 
cells. In fatal eases, not only the red cells, but the reticulo- 
endothelial cells in practically all organs are filled with organ- 
isms. The cutaneous lesions, microscopically, resemble rapidly 
growing hemangio-endotheliomas, but eventually heal without 
leaving scars. Diagnosis is made by finding the organism in 
red blood cells in giemsa-stained blood smears (Pig. 30) or 
by blood culture. 
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VIBAL DISEASES 

The term virus, fonnerlj^ used in the broad sense to mean 
merely “infective agent’’ is now restricted to filter-passing 
infective agents with certain characteristics which will be 
discussed below. Although filtrability depends on a number 
of factors other than the size of the particles, it is generally 
true that viruses pass through imglazed porcelain filters, 
while rickettsiae and bacteria do not. 

In association with many viral infections, inclusion 
bodies” are seen in the infected cells. The bodies occur either 
in the nucleus or in the cytoplasm. They vary considerably 
in shape and size, but usually are roughly spherical and their 
average size is about that of the erythrocyte. They tend to 
be eosinophilic with ordinary staining methods, and to be sur- 
rounded by a clear zone in the nucleoplasm or cytoplasm in 
which they are embedded. 

Although several of the larger viruses are nearly as large 
as rickettsiae and some of the smaller bacteria, the smaller 
viruses approach molecular size (8 millimicrons). The larger 
viruses, like the rickettsiae, probably have some independent 
metabolic activity. The smaller viruses may be completely 
dependent on the enzymes of their host cells, and some of them 
may, like certain plant viruses, prove to be autocatalytic 
proteins, which can be crystallized and purified. In this case, 
although capable of reproduction in the sense that they in- 
crease in amount in infected tissues, it is diflScult to regard 
them as living. 

The inclusion bodies of several of the larger viruses, such as 
those of psittacosis and smallpox, are clusters of small 
rickettsia-like structures known as ‘‘elementary bodies” (Fig. 
31). Such inclusions are granular in appearance when suit- 
ably stained. The inclusion bodies associated with the smaller 
viruses are homogeneous or coarsely vacuolated. They may 
be aggregates of elementa:^^ bodies, too small to be seen as in- 
dividuals, or they may ai’ise from the damaged cytoplasm or 
nucleoplasm of cells. 

The important properties of viruses, in addition to their 
filtrability, are as follows: 1. Cytotropism. Viruses grow 
only within cells; often only within certain types of cells and 
in certain species of animals. They cannot be cultivated in 
cell-free media. They can be grown only in media containing 
living cells or in the membranes of the developing egg embryo. 
2. The formation of inclusion bodies (see above). In many 
viral diseases, however, these structures are not seen. 3. Many 
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viruses lie dormant in tissues for long periods of time (latent 
infection), producing neither symptoms nor lesions. Under 
these conditions, however, a virus may be highly virulent for 
a host of a different species, or for its original host if resist- 
ance is lost. 4. Viruses, under certain conditions, undergo 
rapid variation. Yellow fever virus, for example, becomes 
neurotropic when infected intraeerebrally in mice (see be- 
low). 5. Viral infections tend to pave the way for bacterial 
infection, which is often the true cause of death. 6. Immunity 
of high degree and long duration characteristically follows 
viral infections. Exceptions to this are the common cold, in- 
fluenza, and herpes simplex. 7. Many viruses, like the 
rickettsiae and certain protozoa, are transmitted to man by 
insect vectors. 8. Viral infections in general do not respond 
to chemotherapeutic agents such as the sulfonamides and 
penicillin. This is probably due to their intracellular location 
and metabolic dependence on their host cells. 



Fig. 31. — ^Psittacosis. Granular cytoplasmic inclusions composed of 
closely packed elementary bodies (from a tissue culture preparation). 


The microscopic changes produced by viral infection are 
almost as varied as those produced by bacteria, ranging from 
acute necrosis to a proliferative, granulomatous reaction. Of 
particular interest is the fact that certain tumors of lower 
animals are apparently caused by viruses, notably the Rous 
chicken sarcoma, the Shope rabbit papilloma, and Luckfi’s 
carcinoma of the frog kidney. In the latter tumor nuclear 
inclusions are seen. 
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The field of viral diseases has expanded rapidly in recent 
years, as methods for the isolation, propagation, and study 
of the viruses have been devised. Many diseases now classed 
as of unknown etiolog}” will no doubt prove to be of viral 
origin. For the isolation of viruses, the intracerebral or intra- 
nasal injection of mice and the intranasal injection of ferrets 
have proved particularly successful, but in certain viral dis- 
eases the monkey is the only animal which has been success- 
fully injected. The propagation of viruses in tissue cultures 
and on the chorio-allantoic and yolk sac membranes of the 
chick embryo has also been of great value. ^ 

No satisfactory classification of viruses is available, because 
of our lack of knowledge concerning their biologic properties. 
They are identified largely by immunologic tests involving the 
use of Imown strains. On the basis of their tissue affinities, 
they are often classed as dermatropic, epitheliotropic, neuro- 
tropic, pantropic, etc. In this discussion, the viral diseases 
have been grouped arbitrarily according to the system in 
which the chief clinical manifestations are seen. 

Viral Diseases of the Central Nervous System 

General Considerations. — The viral diseases of the central 
nervous system (viral encephalitides) form a group of great 
clinical importance. In addition to those in which a viral 
etiology has been proved by transmission to experimental 
animals, there are several conditions of probable viral 
etiology. 

Viruses produce a diffuse infiammation of brain and cord 
substance (encephalitis and myelitis) in contrast to bacteria, 
which cause either meningitis or localized abscesses. For 
the most part, the viruses develop within ganglion cells of 
the brain and cord. Nervous tissue responds to their 
presence by an acute inflammatory reaction, essentially 
like that in other tissues, but wdth certain special features. 
Since the lesions produced by different viruses have many 
histologic features in common, certain general types of 
lesion may first -be described. Capillary congestion and 
petechial hemorrhages into the perivascular spaces and sur- 
rounding brain substance are common to most viral infec- 
tions. The perivascular spaces take the place of lymphatics, 
which are absent in the brain. Accumulations of lympho- 
cytes and plasma cells around blood vessels (perivascular 
cuffing) is another common tjrpe of lesion. Early degenera- 
tive changes in ganglion cells are difficult to recognize, but 
nuclear degeneration, especially when accompanied by the 



Plate IV.— Nera bodies of rabies. Van Gieaon stain. (From 
Gradwohl, B. B. £U: Clinical Laboratory Methods and Diagnosis; St. 
Louis, The C. V. Mosby Company, 1938.) 
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accumulation of large mononuclear phagocytes around the 
damaged cells, is clear evidence of cell death. This phenom- 
enon is called neuronophagia. The mononuclear phagocytes 
are derived from the microglial cells which are believed to be 
of mesenchjTnal origin, and members of the reticulo-endo- 
thelial system. 

Focal collections of neuroglial cells (glial nodes) appear 
to be an attempt at repair and correspond to fibroblastic 
proUferation outside of the nervous system. Proliferation of 
capillary endothelium occurs much as it does in infiammatory 
lesions elsewhere. Focal areas of demyelinization are the 
result of vascular occlusion. 

Babies. — Rabies is a viral disease, always fatal when un- 
treated, which is usually acquired by the bite of a dog. 
The virus is introduced into the wound with the saliva and 
travels slowly along the peripheral nerves to reach the brain. 
The long incubation period, which may consume as much as 
nine months when the bite is on the lower extremities, allows 
time for preventive vaccination by the Pasteur method. The 
value of preventive vaccination is disputed by some authori- 
ties. In bites about the head, the incubation period may be 
only two or three weeks. When a dog suspected of having 
rabies has bitten a human being, the dog should be captured 
alive. If the dog has rabies, death will occur in a few days, 
and a positive diagnosis can be made by finding the character- 
istic inclusion bodies (Negri bodies) in the ganglion cells of 
the brain. Intracranial injection of emulsified dog brain in- 
to mice may give a positive diagnosis in some eases in which 
Negri bodies cannot be found. 

Clinically the disease is manifested by muscular spasm, 
excitement, generalized convulsions, and eventual coma. The 
pathologic lesions are confined to the brain and spinal cord. 
Grossly no striking changes are seen. Microscopically tliere 
may be areas of petechial hemorrhage, perivascular accumula- 
tions of lymphocytes, and ganglion cell degeneration with 
the accumulation of phagocytic cells (neuronophagia). In 
the ganglion cells are found the pathognomonic Negri bodies 
(Plate IV). Often, however, the inflammatory reaction fails 
to occur, and the only evidence of the disease is the presence 
of these Negri bodies. Goodpasture believes that the Negri 
bodies are composed largely of degeneration products of die 
neurofibrillae, but other workers have thought that they are 
composed of elementaiy bodies. With ordinary staining 
methods, the Negri bodies appear homogenous or vacuolated 
rather than granular. 
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Poliomyelitis (Infantile Paralysis). — Poliomyelitis is air 
acute viral infection, in which the most important lesions 
are those involving the spinal cord. It is primarily a disease 
of children. The relative immunity of adults is probably 
the result of mild unrecognized or asymptomatic infections 
during childhood. During epidemics, which occur in the 
late summer and fall, many children who do not show 
paralysis suflEer from mild upper respiratory or gastrointes- 
tinal symptoms, with or without minor neurologic findings. 
The virus may be isolated from the throat washings of such 
children. These mild or abortive cases are believed to be 
about six times as common as the cases with frank paralysis, 
and probably play an important part in the epidemiology 
of the disease. There is some evidence that apparently 
healthy people may act as carriers of the virus. 

Experimentally, the disease may be transmitted to monkeys 
by intranasal injection of the virus, and it has been sho^vn 
that the virus reaches the brain by passing along the olfaetoiy’- 
nerves. The high concentration of the virus in human stools, 
however, and its isolation from sewage, suggest that under 
natural conditions the gastrointestinal route of infection 
may be more important than the respiratory route. Insect 
transmission of the disease is also regarded as a possibility, 
but has not been definitely established. 

The frequent occurrence of poliomyelitis in large well- 
nourished^ children was stressed by early clinical ob^servers. 
Recently it has been shown that undernourished or thiamine- 
deficient mice show a lower death rate from the disease than 
well-nourished mice. In monkeys, however, the course of the 
disease apparently is not influenced by dietary factors. 

Clinically the disease is characterized by fever, malaise, 
headache, vomiting, and occasionally by neck rigidity. Spinal 
fluid examination usually shows 10-200 cells per cu. mm., with 
lymphocytes predominating, although neutrophiles may be 
more conspicuous in the early stages. Within two to three 
days flaccid paralysis of the arms and legs commonly occurs. 
This lower motor neuron type of paralysis is due to necrosis 
of the ganglion cells in the anterior horns of the spinal cord. 
Involvement of the respiratory center leads to sudden death. 
In certain cases the brain is involved, giving a clinical picture 
suggesting encephalitis. 

Grossly, the spinal cord and in the superior type, the brain 
stem and dentate nucleus may show edema and petechial 
hemorrhages. The microscopic lesion is essentially degenera- 
tion of the ganglion cells, which is usually best seen in the 
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^Ulterior horns of the spinal cord. Intranuclear inclusions 
are said to be present in the ganglion cells in the early stages, 
but are not commonly seen in autopsy material. Ganglion 
cells show changes varying from nuclear degeneration and 
disappearance to complete lysis. Often the ganglion cells 
have largely disappeared. The various types of reaction 
described above — ^perivascular cufiing, petechial hemorrhage, 
neuronophagia, and glial nodes — ^are characteristically seen 
(Fig. 32) . Neutrophiles are usually present in considerable 
numbers, often in focal collections, and their presence is im- 
portant in differentiating the superior type from encephalitis 
lethargies, since the inflammatory cells are practically all 
mononuclears in the latter disease. 



Fig. 32. — Acute pobomyelitis. Focal and diffuse collections of inflam- 
matory cells, some of which are perivascular in position. 


In recovered cases, the paralyzed muscles show atrophy and 
replacement by fatty tissue and connective tissue. 

Epidemic Encephalitis. — ^Epidemic encephalitis, or en- 
cephalitis lethargies, is a disease of unknown etiology. The 
establishment of the viral etiology of St. Louis encephalitis, 
Japanese B, encephalitis, equine encephalomyelitis, and Aus- 
tralian X disease, aU of which resemble epidemic encephalitis 
pathologically, is probably the most important reason for 
believing in the viral etiology of the latter disease. The 
herpes virus has been suspected of causing encephalitis 
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lethai'gica, but is rarely recovered by animal inoculation, and 
on the whole the evidence is far from conclusive. 

The clinical picture is variable and is characterized by 
various combinations of somnolence, excitement, diplopia, and 
reflex changes. The mortality during the acute stage is 20 to 
40 per cent. Lethargy may persist for many months. 
Dementia, permanent cranial neiwe paralysis, and other 
neurologic symptoms may occur. Paralysis agitans, 'with 
slow speech, expressionless face, and piU-rolling tremor is a 
common sequela, even when the initial attack is mild. The 
spinal fluid, in the acute stage of the disease, shows a nomal 
or slightly increased cell count, and neutrophiles are absent. 

The gross and microscopic lesions are, in general, similar 
to those of poliomyelitis except for their different distribution, 
less marked degeneration of ganglion cells, and the absence 
of neutrophiles already commented on. Perivascular collec- 
tions of lymphocytes are the most constant and conspicuous 
microscopic feature. Inclusion bodies have not been de- 
scribed. 

St. Louis Encephalitis, — St. Louis encephalitis shows only 
minor clinical and pathologic differences from encephalitis 
lethargies, but is readily transmissible to mice by the intra- 
cerebral injection of brain tissue from fatal cases. Un- 
fortunately, the virus cannot be recovered from spinal fluid by 
this method. Some evidence of mosquito transmission of 
this type of encephalitis has been obtained. The virus has 
been recovered from chicken mites.®® Inclusion bodies have 
not been demonstrated. Serious sequelae of the type follow- 
ing encephalitis lethargies occur only rarely. 

Equine Encephalomyelitis. — ^Equine encephalomyelitis is 
of particular interest as an example of a disease which was 
thoroughly studied in a lower animal (the horse) before 
there was reason to suspect its importance in human 
pathology. It occurs in two strains, the Eastern and 
Western, which only partially cross-immunize. The disease 
is immunologieaUy distinct from St. Louis encephalitis and 
other known types of viral encephalitis. The pathologic 
lesions resemble those of encephalitis lethargica, but neutro- 
philes are more prominent. The disease is almost certainly 
conveyed to man by mosquitoes. Inclusion bodies are not seen. 

Lymphocytic Ohoriomeniogitis.— Lymphocytic choriomen- 
ingitis is a recently recognized disease, characterized by head- 
ache, nausea, vomiting, and rigi<^ty of the neck. It has a 
low mortality, and the pathologic picture in man has not 
been sufficiently studied. In mice and guinea pigs, which 
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are readily infected by the inoculation of spinal fluid from 
a human case, there is a marked lymphocytic reaction in the 
meninges, and interstitial pneumonia is also found. 

Acute Disseminated (Postinfectious) Encephalomyelitis. — 
Acute disseminated encephalomyelitis occurs following cer- 
tain infectious diseases, notably measles, mumps, smallpox, 
chicken pox, and vaccination, and also occurs spontaneously. 
Some workers believe that the viruses of the antecedent dis- 
eases are etiologically involved, but the evidence is far from 
conclusive. 

Microscopically, most of the lesions described above as 
characteristic of the viral encephalitides are inconspicuous 
or absent, and the essential feature is extensive perivascular 
demyelinization, best demonstrated by the Weigert stain. 
This stain colors the normal myelin sheaths black, and areas 
of demyelinization stand out clearly. 

Thi-: disease has not been transmitted to experimental 
animals, nor have inclusion bodies been demonstrated, so that 
there is considerable doubt concerning its true etiology. 
Somewhat similar demyelinization of the central nervous 
system occurs in certain vitamin deficiencies. 

Diagnosis of Viral Encephalitides. — The various types of 
viral encephalitis are difiS.eult to distinguish from one an- 
other and from certain types of noninfectious encephalitis 
on purely clinical grounds. Accurate diagnosis must there- 
fore be based upon isolation of the virus, or upon immunologic 
tests. 

Unfortunately, the isolation of the neurotropic viruses in 
animals is usually possible only by the injection of brain 
material obtained post mortem. This method is of value in 
determining the nature of the virus involved in an epidemic. 
When the virus has been transmitted to mice, guinea pip, 
or other experimental animals, cross-immunity tests with 
known strains may be carried out. In isolated nonfatal cases, 
the protection test is of peatest diagnostic importance. This 
test is carried out by mixing the blood serum of the patient 
with known viruses, and injecting the mixtures into animals. 
If such animals are protected against St. Louis encephalitis, 
for example, while the control animals react positively, a diag- 
nosis of St. Louis encephalitis is justified. 

As a result of the more frequent use of the method of 
animal inoculation in cases of encephalitis, the virus of 
lymphogranuloma has recently been established as an etiologic 
agent,®® and it is probable that other viruses capable of pro- 
ducing encephalitis in man will be discovered. 
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Respiratory Viruses 

Greneral Considerations. — The lung, like the central 
nervous system, reacts to viral infections in a rather char- 
acteristic manner, so that the viral etiology of a pulmonary 
lesion may be strongly suspected from histologic evidence 
alone. Viral pneumonias are of the interstitial type (Pig. 
33). Inflammatory cells are largely of the mononuclear 
variety, and accumulate chiefly in the alveolar walls and in 
the peribronchial and septal connective tissue. The alveolar 
lining cells, often undergo cuboidal metaplasia, and mitotic 
flgures are seen in them. The alveoli either remain free from 
exudate or contain a serous or gelatinous exudate, with ordy 
a few inflammatory cells, chiefly mononuclears. Condensa- 
tion of this exudate by inspired air often forms a hyaline 
eosinophilic membrane which lines the alveoli. These fea- 
tures, though suggestive, are not pathognomonic of viral in- 
fection since they occur in infections with other intracellular 
parasites (Rickettsiae and Toxoplasma) and probably in cer- 
tain bacterial and allergic inflammations of the lung. 

The damage inflicted by viruses often makes the lung sus- 
ceptible to bacterial invasion. Secondary bacterial pneu- 
monia, with its usual picture of exudation into the air spaces, 
is nearly always present in fatal cases, and may obscure the 
characteristic picture of the original viral pneumonia. There 
is e^ddence, for example, that a preceding infection of the 
lung with the influenza virus is of etiologic importance in 
certain epidemics of staphylococcal pneumonia (see p. 67). 

Influenza. — Influenza is numerically the most important 
of the viral diseases; it is estimated that about 500,000,000 
cases with 15,000,000 deaths occurred during the pandemic 
of 1918-1919. Smith, Andrews, and Laidlaw, in 1933, repro- 
duced the disease in ferrets by the intranasal injection of 
fillored washings from the nose and throat of human cases, 
tlnis demonstrating the viral nature of disease. Mice are 
also susceptible, and the virus may be propagated in the 
fertile egg. Two antigenically different strains are known 
as types A and B. Vaccination against the disease has not 
proved successful because of the fact that immunity is of 
short duration. 

Clinically the disease is a respiratory infection with fever, 
prostration, and muscular pains. Clinical diagnosis is difScult 
in sporadic mild eases. Reliable laboratory diagnosis can be 
made by isolating the virus in ferrets or in fertile eggs, or 
by demonstrating neutralizing antibodies in the blood of the 
patient. The observation that adult chicken erythrocytes 
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Fig. 33. — Interstitial pneumonia in a case of tsutsugamushi disease. 
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agglutinate in the presence of influenza virus®® has greatly 
simplified both of these tests. If antibodies are present in 
the blood serum of the patient, they inhibit the agglutination 
of the chicken erythrocytes which takes place normally when 
known virus is mixed with them. In its uncomplicated form 
the disease lasts for only two or three days and recovery is 
rapid. Fatalities are due largely to bacterial pneumonia re- 
sulting from secondary infection with the influenza bacillus, 
pneumococci, streptococci, staphylococci, and other organ- 
isms. The conditions which initiate and terminate epidemics 
and pandemics are not known. 

Pathologically influenza is characterized by an acute in- 
flammation of the nasopharynx, trachea, and bronchioles, 
with necrosis and desquamation of the epithelial lining cells. 
Grossly, the lungs most frequently show patchy areas of 
firm deep red consolidation, giving the picture of hemor- 
rhagic bronchopneumonia. Occasionally the picture is that 
of lobar pneumonia. Acute splenitis and other visceral 
changes characteristic of sepsis are seen. Alveolar emphy- 
sema is present in the less involved areas, and severe inter- 
stitial emphysema is occasionally seen, even spreading to the 
subcutaneous tissues in the neck (see p. 368) . 

Microscopically, the picture of viral pneumonia, as de- 
scribed above, is seen only in cases with early fatal termina- 
tion, and is usually obscured by a superimposed purulent 
bacterial pneumonia. Often, however, the vird type of pneu- 
monia may still be seen in the less involved areas. The 
pneumonic lesions during the pandemic of 1918-1919 showed 
a striking tendency to heal by organization rather than by 
resolution, probably because of severe damage to the alveolar 
lining cells. Inclusion bodies are not found in association 
with either human or experimental influenza. 

Common Cold. — The common cold (coryza), like influenza, 
has been shown to be caused by a virus. Further similarity to 
influenza is seen in the fact that secondary bacterial invaders 
are responsible for the formation of mucopurulent exudate 
and for the distressing symptoms which appear after the first 
two or three days. Involvement is usually confined to the 
nasopharynx, pharynx, larynx, and trachea, and pneumonia 
is of rare occurrence. Immuni^ is of a very transient nature, 
perhaps partly because of the occurrence of immunologieally 
different strains of the virus. 

Pathologically, one sees hyperemia and swelling of the in- 
volved mucous membranes, with an exudate which is at first 
serous, but rapidly becomes mucopurulent with the advent 
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of secondary bacterial infection. Hyperplasia and increased 
secretion of the mucous glands may persist for many weeks 
after recovery. Involvement of the mucosa lining the acces- 
sory nasal sinuses may prolong the infection because of the 
imperfect drainage of these cavities. No definite inclusion 
bodies have been described in association with the common 
cold. 

Psittacosis. — Psittacosis is acquired by inhalation of the 
virus present in dried urine and feces from infected birds. 
It has recently been shown that several birds other than 
those of the parrot family, including pigeons and the fulmar 
petrel (a sea gull) may harbor the virus and cause human 
infection. Since a number of closely related but not identical 
strains have been isolated from different species of birds, the 
more general name ornithosis has been proposed for the 
disease.^® Latently infected birds, without clinical evidence 
of illness, are known to be a source of danger. Since diag- 
nosis is difiicult in the absence of a history of contact with a 
sick bird, many unrecognized eases probably occur. The 
psittacosis virus may be responsible for some of the broncho- 
pneumonias of atypical nature, which have been described in 
recent years. Cases of transmission from man to man have 
been recorded but appear to be rare. 

Clinically, psittacosis is an acute febrile illness, with in- 
tense headache, and physical signs of an atypical pneu- 
monia. Leucopenia, instead of the leucocytosis which accom- 
panies bacterial pneumonia, is an important diagnostic fea- 
ture. 

Pathologically one finds splenomegaly and congestion and 
cloudy swelling of the viscera, as in any acute infection, 
but the characteristic changes are in the lungs. Here we 
find patchy pneumonic consolidation. Microscopically the 
picture is that of a viral pneumonia as distinguished from 
that of bacterial pneumonia. Mononuclears, rather than 
neutrophiles, predominate, and the alveolar walls are thick- 
ened by the accumulation of inflammatory cells. The alveolar 
lining cells are stimulated and appear to have become cuboidal 
in type with frequent mitoses. The alveoli contain a rather 
gelatinous exudate, containing relatively few cells. 

Spherical clusters of minute coccoid elementary bodies of 
rather characteristic appearance are found with great diffi- 
culty in sections of human lungs, but they are very con- 
spicuous in the brain of mice following intracerebral injec- 
tion of the virus (Pig. 31, p. 109). 
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A recent observation of interest is that lymphogranuloma 
venereum, which is associated with rather similar elementary 
bodies, is closely related immunologically to psittacosis. 

Viral Pnetunonias in Infants and Children. — ^In several 
tjrpes of pneumonia in infancy distinctive inclusion bodies 
characteristic of viral activity have been found. In none 
of the types has the virus been isolated. The so-called 
''inclusion disease'' described by Farber and Wolbaeh®® 
and others is often associated with whooping cough. It is 
characterized by large granular inclusions which distend 
the nuclei, and occasional smaller cytoplasmic ‘ inclusions. 
Goodpasture and his co-workers®^ have described a type 
with inclusions which fill, but do not distend, the nuclei. An 
epidemic variety has been reported by Adams,®® in which 
only cytoplasmic inclusions are seen. The mortality in this 
type is about 20 per cent. 



Fig. 34. — Cytoplasmic inclusioa bodies in multinucleated cells lin- 
ing pulmonary alveoli. Several faintly stained nuclear inclusions are 
also present (from a case of giant cell pneumonia). 


Giant cell pneumonia, as described by Hecht in 1910, is a 
rare but distinctive pneumonia of infancy and childhood. It 
is an interstitial pneumonitis, the most important diagnostic 
feature being the formation of large multinucleated giant 
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cells by proliferation and fusion of cells which line alveoli, 
alveolar ducts, and bronchioles. Cytoplasmic inclusions, pleo- 
morphic and often very large, are found in these eases, and 
also less numerous small nuclear inclusions. A similar his- 
tologic picture with similar inclusions is found in fatal early 
uncomplicated measles, and in canine distemper in animals.*® 



Fig. 35. — Above, Nuclear inclusion body in bronchiolar e]jitheliuin 
(from a case of giant cell pneumonia). Below, Cytoplasmic indnsion 
bodies in bile duct epithelium (canine distemper). 


Primary Atypical Pneumonia. — ^This is an epidemic dis- 
ease, with very low mortality, occurring chiefly in young 
adults. It has been of frequent occurrence in army camps. 
Clinically it is characterized by coryza, fever, sore throat, 
headache, and dry cough with little sputum. Leucopenia, 
rather than the leucocytosis which accompanies bacterial 
pneumonia, is the rule. Typable pneumococci are not found 
in the sputum. Boentgenograms show consolidation of the 
lung, spreading outward from the hilus. 

Grossly, the lungs show patchy, deep red, firm consolida- 
tion. Microscopically the picture is that of an interstitial 
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pneumonia, with accumulation of mononuclear cells in the 
alveolar walls and peribronchial connective tissue. Cuboidal 
metaplasia of the alveolar lining cells and hyaline mem- 
brane formation are seen in some cases. The etiology of this 
condition is not yet clear. The term ''virus pneumonia’’ 
has been applied to the condition, but "atypical pneumonia’’ 
seems preferable at the present time. 

Cutaneous Viruses 

Smallpox (Variola). — The etiologic agent of smallpox is 
characterized by its affinity for the epidermis. Transmission 
is either by direct contact or by droplet infection from the 
respiratory tract. The skin lesions begin as papules which 
later become vesicles, then pustules, and finally crusts. The 
lesions may be discrete, confluent, or hemorrhagic, the last 
type being practically always fatal. Healing with pitting 
of the skin is characteristic of the confluent form. A mild 
form of the disease, known as alastrim or parasmallpox, is 
also recognized. The historical aspects of vaccination with 
eowpox (vaccinia) are too well known to require discussion 
here. 

Clinically the disease is characterized by severe headache 
and high fever. The fever usually subsides with the appear- 
ance of the papular skin lesions but returns with the vesicular 
and pustular stages of the lesion, at which time invasion bv 
streptococci occurs. 

The specific changes of smallpox are seen in the epithelial 
cells of the skin and mucous membranes. Typical inclusion 
bodies (Guamieri bodies) are seen in the cytoplasm of these 
cells and also in nuclei. The^ inclusions, originally believed 
by Guarnieri to be protozoa, are now Imown to consist of 
closely packed elementary bodies, each having a diameter of 
about 0.2 micron, Go^pasture has named these bodies 
Borreliota variolae hominis. As a result of. the presence of 
these bodies, the epithelial cells undergo degeneration. 
Vesiculation and pustule formation are not seen on mucous 
surfaces, probably because of the lack of a homy layer. 

The fatal outcome of the infection is nearly always a re- 
sult of streptococcal septicemia. The change of the skin 
lesion from a vesicle to a pustule corresponds to the period 
of invasion by streptococci. Lobar or bronchopneumonia is 
usually found at autopsy in fatal cases, the etiologic agent 
being most often a streptococcus or a pneumococcus. It is 
probable that this bacterial pneumonia is preceded by pneu- 
monia of the viral type. 
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Chicken Pox (Varicella). — Chicken pox is a mild viral 
infection of childhood characterized by a typical skin erup- 
tion. Fatalities are exceedingly rare. The disease is ac- 
quired either by direct contact or through the upper respira- 
tory tract. The cutaneous lesions are most numerous on the 
face and trunk, but eventually have a generalized distribu- 
tion, often including the buccal and pharyngeal mucosa. 
They pass through the macular and papular stage, and be- 
come vesicular, with a surrounding bright red erythematous 
ring. Eventually crusts form, beneath which epithelial repair 
takes place. Fresh crops of lesions appear in the same skin 
areas on successive days, so that lesions in various stages of 
development may appear side by side. This is in contrast to 
the lesions of smallpox, which all evolve simultaneously. 

Microscopic examination of the lesions shows congestion 
and edema of the corium, with mononuclear cell infiltration. 
Vesicles containing fluid are found in the epidermis. Nuclear 
inclusions which fill but do not distend the nuclei are found 
in many of the epidermal cells. These inclusions resemble 
those of herpes simplex, but the two viruses probably are not 
identical. 

Herpes Simplex. — ^Herpes simplex is the common “cold 
sore’’ or “fever blister” which occurs most often on the 
lips, but may occur in the mouth (herpetic stomatitis), on 
the conjunctiva, or on the skin of the face or other regions. 
It may occur spontaneously, but most often appears during 
the course of some febrile illness. There is reason for be- 
lieving that the virus often lies dormant in tissues, and 
is stimulated to produce lesions by some unknown mecha- 
nism which commonly acts in the presence of fever. 

If vesicle fluid from a human lesion is rubbed into the 
scarified cornea of a rabbit, a specific viraJ conjunctivitis is 
produced. The virus is relatively large, and causes granular 
nuclear inclusion bodies which usually fiU but do not dis- 
tend the nuclei. Intracranial injection in mice causes an en- 
cephalitis which may be serially transmitted. The histologic 
resemblance of this encephalitis to encephalitis lethargica, to- 
gether with the occasional recovery of herpes virus from 
normal human brain tissue, has suggested the possibility that 
this virus may be etiologically related to encephalitis 
lethargica. Bare eases of human encephalitis show nuclear 
inclusions resembling those of herpes, and even more rarely 
the herpes virus has been recovered from the brain in such 
cases.'*® 
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Histologic examination of the vesicular lesions shows 
epithelial hyperplasia and necrosis, with vesicle formation. 
The nuclear inclusions already described are present in many 
of the epithelial cells. 

Herpes Zoster. — Herpes zoster (shingles) is characterized 
by the formation of an erj’thematous and vesicular eruption 
along the course of sensory nerves. The lesions occur on the 
trunk or face, and are usually associated with pain, discom- 
fort, fever, and malaise. 

The cutaneous lesions show acidophilic nuclear inclusion 
bodies like those seen in herpes simplex. The basic lesion, 
however, is degeneration in the posterior root ganglia with 
associated perivascular mononuclear infiltration. In the 
process ot* healing, portions of the ganglia may be converted 
into sear tissue. 

Although the presence of nuclear inclusions indicates the 
viral nature of herpes zoster, most attempts to isolate the 
virus in animals have been unsuccessful. Further study is 
needed to determine the exact I'elationship between the viruses 
of herpes zoster, herpes simplex, and chicken pox. It is prob- 
able that they are similar but not identical. 

Measles (Rubeola). — Measles has been transmitted to 
monkeys, but not to other laboratory animals, and for this 
reason the study of its virus has been difficult. The virus 
also may be propagated on the chorio-allantoic membrane of 
the chick embryo, but gross lesions do not occur there. At- 
tempts have been made to protect children against measles 
by the inoculation of virus attenuated by cultivation in the 
fertile egg. It is not yet possible to evaluate the results of 
these attempts. 

Measles is highly communicable, and is spread chiefly by 
droplet infection through the upper respiratory tract. Clin- 
ically it is characterized by fever, cough, coryza, conjunctivitis, 
and a distinctive type of nonhemorrhagic macular rash which 
is most severe on the face, but involves the entire body. Kop- 
lick’s spots, which are of early diagnostic significance, occur in 
the mouth, usually opposite the first molar teeth. They con- 
sist of minute, white flecks, formed by necrotic epithelial cells, 
and surrounded by a bluish areola, outside of which is a red 
areola. 

The cutaneous lesions show vacuolar degeneration and 
eventual necrosis of the epithelial cells and marked peri- 
vascular lymphocytic infiltration, with endothelial prolifera- 
tion in the capillaries, arterioles, and venules. The capillaries 
are markedly congested and occasionally rupture to form 




Plate V. — ^Molluseum contadosnm. The rounded, hyaline moUus- 
cum bodies occupy the superficial portion of the epidermis. BB, Trans- 
formation of epithelial cells into round bodies. MB, Typical moUuscum 
bodies. (From McCarthy, Lee; Histopathology of Skin Diseases, St. 
Louis, The C. V. Mosby Company, 1931.) 
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minute areas of hemorrhage in the corium. The Koplik’s 
spots show an essentially similar picture. 

In fatal eases, death is usually caused by bronchopneu- 
monia. It is difficult to separate the lesions caused by bac- 
terial pneumonia from those produced by the initial viral 
infection. Most fatalities occur late in the course of the 
disease, and although the bronchopneumonia seen then is often 
of the interstitial type, it has no particularly characteristic 
features. In patients dying early in the course of the illness, 
a peculiar type of pneumonia with giant cell formation and 
nuclear and cytoplasmic inclusions has been described®® (see 
page 121). 

In the lymphoid tissue of the tonsil and appendix large 
multinucleated cells have been observed in prodromal measles. 
Occasionally the finding of these giant cells in routine exam- 
ination of surgically removed appendices has enabled the 
pathologist to make a diagnosis of measles before the appear- 
ance of the rash or Koplik’s spots. 

Diffuse encephalomyelitis, with demyelinization of the 
white matter of the brain and cord, is occasionally seen in 
fatal eases which have shown clinical evidence of involvement 
of the central nervous system. Whether this lesion is caused 
by the virus of measles or by some other agent is not yet clear 
(see page 115), 

Molluscum Contagiosum. — ^MoUuscum contagiosum is a 
benign skin disease, characterized by the occurrence of raised, 
umbilicated, waxy cutaneous nodules. These lesions may be 
multiple, in which case the diagnosis is usually made clin- 
ically, or single, in which case the lesion may be suspected 
of being neoplastic and is often excised for diagnosis. The 
lesions heal spontaneously, usually after a few months, and 
are not associated with constitutional symptoms. The prickle 
cells of the epidermis undergo degeneration, with the develop- 
ment of rounded hyaline masses (molluscum bodies) in their 
cytoplasm. These eosinophilic inclusion bodies are aggrega- 
tions of the minute elementary bodies of the virus (Plate V). 

Miscellaneous Viral Infections 

Mumps. — The virus of mumps has an affinity for the 
salivary glands and the testis (or ovary). The outstanding 
symptoms are painful swelling of the parotid gland and of 
the testicle. Orchitis is rare before puberty, but occurs in 
about one fifth of the cases in adults. The infection may be 
transmitted serially in monkeys by the injection of saliva 
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directly into Stensen’s duct, but more convenient methods 
for the propagation of the virus have not been found. 

Histologically, the parotid gland shows marked congestion 
and edema, catarrhal inflammation of the excretory duct, de- 
generative changes in the glandular epithelium, and leuco- 
cytic infiltration of the tubules and interstitial tissue. Re- 
pair takes place without permanent obstruction of the duets 
or scar tissue formation. In the testis one finds a similar 
acute inflammatory reaction, probably dependent on primary 
injury to the tub^ar epitheliiun. Repair may be associated 
with a reduction in size of the affected testicle. Impotence 
and sterility are rare, since the condition is usually unilateral, 
and even when bilateral does not often cause enough perma- 
nent damage to interfere with normal function. 

Meningo-encephalitis, manifested by the presence of an 
increased cell count in the spinal fluid, is often present with- 
out clinical symptoms. Occasionally, the clinical picture in- 
cludes definite evidence of involvement of the central nervous 
system, which rarely results fatally. The etiologic relation- 
ship of the mumps virus to this meningo-encephditis has not 
been determined definitely. 

Yellow Fever. — ^Yellow fever is a highly fatal mosquito- 
borne viral disease of great clinical importance in the 
tropics, particularly in Africa and South America. The 
outstanding clinical features are fever, severe jaundice, 
hematemesis, hemorrhage into the gastrointestinal tract, 
hematuria, and evidences of severe renal damage, including 
uremia in fatal cases. Unfortunately, the control of the 
mosquito vector, Aedes aegypti, does not offer the promise of 
eradicating the disease, since there is evidence of a reservoir 
in monkeys and perhaps other wild jungle animals. There 
is also reason to believe that insect or arthropod vectors other 
than the aegypti mosquito may transmit tiie disease. The 
endemic form of the disease in South America is called 
“jungle yellow fever.” 

The virus injected into monkeys reproduces quite ac- 
curately the human disease, in which liver necrosis is the out- 
stmding feature. Theiler showed that the virus, when 
injected intraeerebrally in young mice, causes an encephalitis 
which is serially transmissible. Under these conditions, the 
virus changes to a neurotropie form, which is no longer 
capable of causing typical yellow fever in monkeys. This is 
a classical example of mutation or variation in a virus. Al- 
though no longer capable of producing illness, this modified 
virus when injected into monkeys or human beings, produces 
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strong immunity against yellow fever. Human vaccination 
at present is carried out by injecting virus which has been 
modified by cultivation in media containing minced mamma- 
lian embryonic tissue. 

Post-mortem examination shows hemorrhage into the gastro- 
intestinal tract, a yellow liver, often mottled with red areas, 
pale swollen kidneys, and a friable dark red spleen. Micro- 
scopically there is extensive necrosis of liver tissue with 
fatty infiltration which has a definite mid-zonal distribution. 
The damaged liver cells appear swollen, eosinophilic, and 
finely granular, with intracytoplasmic hyaline areas (Coun- 
cilman bodies). Nuclear inclusions, less prominent and less 
easy to recognize than those of other viral infections, are 
often found in human liver, and almost constantly in 
fatal yellow fever in the monkey. This type of inclusion 
forms a rather irregular diffuse eosinophilic ring around the 
nucleolus. The necrosis of liver cells is so extensive that one 
might expect repair by fibrous tissue, but hepatic cirrhosis as a 
sequella of yellow fever has not been reported. Interference 
with prothrombin formation as a result of the hepatic damage 
probably explains the tendency for hemorrhage to occur. 

In the kidneys, severe degeneration of the tubular epithe- 
lium is found. Other lesions which have been described in- 
clude myocardial degeneration, and petechial hemorrhages in 
the brain, as well as on serous surfaces. 

Trachoma. — The viral etiology of trachoma has gained ac- 
ceptance slowly because of the difficulties involved in isolat- 
ing the virus in animals and in demonstrating its presence 
histologically. In film preparations from the infected con- 
junctiva, spherical clusters of coccoid elementary bodies 
are commonly found in the cytoplasm of the epithelial cells. 
The cytologic picture somewhat resembles that seen in 
psittacosis and lymphogranuloma venereum. The disease 
can be reproduced in the monkey. 

The lesions are confined to the eye, where the picture is 
that of a chronic granular conjunctivitis, with a pre- 
dominantly mononuclear reaction. The granular elevations 
are foci of lymphocytic infiltration, or even actual lymph 
follicle formation. Healing by scar tissue with pannus 
formation often results in blindness. 

Inclusion blenorrhea and swimming-pool conjunctivitis 
have a cytologic picture similar to that of trachoma, but re- 
covery takes place without complications. 

Epidemic Keratoconjunctivitis. — ^Epidemic keratoconjunc- 
tivitis is a recently recognized viral infection which causes 
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redness and swelling of the conjunctiva. Scrapings from 
the conjunctiva show inflammatory cells of the mononuclear 
type. Inclusion bodies have not been described, but the 
virus has been isolated by intracerebral injection into mice. 
The nature of the virus has not yet been determined. Ee- 
covery takes place in a few days or weeks, but in some cases 
there is residual impairment of vision as a result of corneal 
involvement. 

Dengue. — Dengue (break-bone fever) is a rarely fatal 
febrile disease transmitted by the Aedes aegypti mosquito. 
Clinically there is fever, leukopenia, a mild inconstant rash, 
and severe pains in the joints and muscles. Transmission 
from person to person by the injection of filtered blood is 
possible, and there is evidence that unapparent infection may 
be produced in guinea pigs. Little is known concerning the 
pathologic changes in the condition. 

Pappataci fever clinically resembles dengue, but is trans- 
mitted by the sand fly Plilebotom%is papatasiL A rash does 
not occur in this disease. 
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CHAPTER Vn 

SPIROCHETAL AND VENEREAL DISEASES 


SYPHILIS 

Syphilis, due to a spirochete, the Treponema pallidum, is 
the most important of the venereal diseases. It causes dis- 
ability and death mainly from involvement of the heart, blood 
vessels, and nervous system, but any organ may be affected. 
The clinical manifestations are extremely variable, and latent 
periods occur in which there are no clinical signs other than 
positive serologic reactions (Wassermann and Kahn tests, 
etc.). The course of the disease is described in three stages. 
The characteristic lesion of the primary stage (chancre) is 
a hard ulcer which develops at the point of entrance of the 
organisms, and hence is usually on the genitalia. The second- 
ary stage, developing about six weeks after the chancre, is 
characterized by maculopapular skin rashes, mucous patches 
on the oral mucosa, and generalized ^ight lymph node en- 
largement. Tertiary lesions develop after a latent period of 
months or years. They may be localized areas of coagulative 
gummy necrosis (gumma) or a chronic granulomatous inflam- 
mation with gradual destruction of tissue and development of 
fibrosis. This latter type of reaction is more common. 

In contrast with the varied clinical and gross manifesta- 
tions of syphilis, the microscopic features are relatively simple 
and constant, but rarely pathognomonic. Lesions of the skin 
in any stage of syphilis may show marked and irregular 
epithelial hyperplasia, simulating a cancerous change (pseudo- 
carcinomatous hyperplasia).^ The inflammatory cells in 
syphilitic lesions are predominantly lymphoc3rtes and 
plasma cells, situated around small blood vessels and later 
more diffusely spread throughout the tissue. Fibroblastic pro- 
liferation and fibrosis accompany the process. Small blood 
vessels in syphilitic lesions e^bit changes, frequently an in- 
timal thickening (endarteritis) and luminal narrowing or 
obstruction. TMs vascular chmge and consequent ischemia 
are a causative factor in the coagulation necrosis of the 
gumma. Pinal proof of the syphilitic nature of a lesion de- 
pends upon demonstration of the spirochete. Spirochetes 
are numerous in primary and secondary lesions, but scarce 
in tertiary lesions. 
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Pig. 36. — Spirochetes of congenital syphilis in the liver. Levaditi stain. 
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The Treponema pallidum (Spirochaeta pallida) is a slender 
organism, 5 to 15 microns in length — i.e., usually about once 
or twice the diameter of a red blood cell. It is characterized 
by its thinness, and the closeness and regularity of its cork- 
screw-like spirals, which average about 12 in number. It is 
stained only with great difficulty and is best demonstrated 
in smears from syphilitic lesions by dark-field examination, 
or against a black background of India ink. In tissues, it 
may be demonstrated by Levaditi’s method, or some modifica- 
tion of it, in which the spirochete is impregnated with silver. 
Methods for their staining in tissues are technically difficult 
and uncertain. 

Prima^ Stage of Syphilis. — The chancre or primary syph- 
ilitic lesion appears at the point of inoculation of the spiro- 
chete after an incubation period of one to four weeks. An 
abrasion of skin or mucosa facilitates entry of the organism, 
but probably is unnecessary for penetration of the genital 
mucosa. The chancre is on the genitalia in more than 90 
per cent of cases, the next most common location being the 
lips or mouth. In 20 per cent or more of cases no primary 
lesion develops, or it is hidden in urethra or vagina and 
passes unnoticed. Sj^hilis has been transferred by blood 
transfusion, the spirochete being directly inoculated with 
the donor’s blood. In such cases there is no primary lesion. 

Very soon after penetration the organism becomes widely 
distributed in tissues and lymphatics. Hence prophylactic 
treatment must be very soon after exposure. 

After an incubation period of about three weeks, the 
chancre begins as a thickening and hardening of the surface 
tissue. The epithelium of this area becomes necrotic, and 
sloughs off, leaving a shallow ulcer a few millimeters to a 
centimeter in diameter. The ulcer is single, round, and 
characterized by painlessness and hardness. The induration 
extends to form a flat, hard mass, which exudes clear serum 
but no pus. Secondary infection may occur and change the 
characteristic features. Histologically, the lesion shows 
fairly dense granulation tissue, with many small vessels and 
an infiltration of lymphocytes and plasma cells. These 
chronic inflammatory cells at first surround the small blood 
vessels but later spread out and become diffuse. The hard- 
ness of the lesion results from connective tissue formation 
and the accumulation of inflammatory cells. Necrosis is 
absent except on the surface. Secondary infection may 
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change the histologic picture. There is nothing absolutely 
characteristic about the lesion, and certain diagnosis depends 
on demonstration of the abundant spirochetes. 

The chancre heals in three to eight weeks. The induration 
disappears, the area is recovered by epithelium, and healing 
leaves but slight fibrosis or scarring. The Wassermann re- 
action usually becomes positive about one or two weeks after 
the appearance of the chancre. 

TABIiE IV 

Spiboohetal Diseases 


DISEASE 

Syphilis 


Yaws (Pram- 
besia) 


Pinta 


Belapsing 

fever 


Spirochetal 
Jaundice 
(Weil's dis- 
ease) 

Spirochetosis 

icterohemor- 

rhagica 

Vincent's 

Angina 


Eatbite fever 
(Sodoku) 


fiPTRnnHETE morphology OF MAIN FEATURES OP 
^ SPIROCHETE DISEASE 

Treponema 5 to 15 microns, about Venereal, widespread 
pallidmn 12 slender tightly 

wound regular coils 

Treponema Eesembles Treponema WonvenereaL Lesions 
perterme palUdtm but coils and stages similar 
not as regular or to syphilis 

close, and body 

thicker i 

Treponema Indistinguishable Nonvenereal. Bluish 
ccvrateum from Treponema pigmented and de- 

pallidum pigmented areas of 

skin 

Borrel%a Large curving organ- Spread by lice, ticks, 
remrrentis isms, easily stained, and other parasites. 

Borrelia 7 to 20 microns Organism found in 

duttorU blood smears. 


Leptospira 6 to 15 microns long, Hemorrhages in vari- 
ioterohem- fine tightly wound ous organs, particu- 

orrhagiae spirals enclosing an larly lungs. Necro- 

aadal filament, pro- sis in liver and kid- 
longed to form ney. Spirochetes 

straight or hooked excreted in urine 

ends 


Borrelia Large coarse organ- A symbiotic infection, 
vincentU isms, many with associated with gan- 

pointed ends. Con- grenous and slough- 
stantly found with ing lesions of 
long fusiform ba- mouth, throat, and 
cilli (B. fusiformis) respiratory tract 


Spirilkm 

mimks 


Broad, spiral organ- 
ism 2 to 5 microns, 
regular spirals, 
blunt ends with 
fiagellae 


Febrile infection due 
to bite of infected 
rat. Primaiy lesion 
at point of inocula- 
tion, and recurring 
chills and fever. 
Spirochete may be 
demonstrated in 
blood 
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With development of the chancre the regional lymph 
nodes (usually inguinal) become enlarged, firm, and shotty, 
but are not painful. In the enlarged nodes there is hyper- 
plasia of the cells lining the sinuses, which are filled with 
mononuclear cells. Small areas of focal necrosis may occur^ 
but there is no tendency for the glands to suppurate. 

Secondary Stage of Syphilis. — Secondary lesions appear 
six to ten weeks after the development of the chancre and 
are characterized by simultaneous appearance over the whole 
body, insignificant tissue reaction with little tissue destruc- 
tion, and richness in organisms. The Wassermann reaction 
is almost invariably positive and is most dependable during 
this stage. 



Fig. 37. — Gumma of testis. (Courtesy Dr. H. 0. Sclimeisser.) 


During the incubation period and the period of the chancre, 
spread has occurred throughout the whole body by lym- 
phatics and blood stream. Multiplication in these new foci 
results in the breaking out of iimumerable lesions. On the 
skin, they most commonly take the form of a flat red (macu- 
lar) or raised (papular) rash, but any type of skin eruption 
may be imitated. Sore throat is common, and elevated, white 
'‘mucous patches’’ involve the oral mucosa. There is a gen- 
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eralized dight lymph node enlargement, the glands being 
hard, discrete, and shotty. Histologically, the lymph nodes 
may show marked foUicnlar hyperplasia, simulating giant 
follicular lymphadenopathy.® Flat condylomas (condyloma 
latum) develop in moist areas about the genitals or anus. 
These are broad lohulated elevations in which epithelial 
overgrowth is a marked feature. 



Pig. 38. — Syphilitic aortitis. Small area of gummatous necrosis in 

the media. 

In aU secondary lesions, the histologic change is essen- 
tially a perivascnlar accnmulation of lymphocytes and plasma 
cells, with varying amounts of vascular dilatation and con- 
gestion. In macidar lesions, cells are few in number. In 
papular lesions, cells are numerous in deep layers of the 
epithelium and in the corium. Secondary inifection may 
produce pustular lesions, but as a rule tissue destruction is 
absent. The epithelium shows little change except in the 
condylomas, where papillomatous overgrowth may be marked. 
Healing occurs without scars. Milder recurrences of sec- 
ondary lesions, separated by latent periods of apparent 
health, are the usual course. 
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The Tertiary Stage of Syphilis. — Between secondary and 
tertiary lesions there occurs a latent period of a few months 
to five or as long as twenty years. During this period the 
individual appears well, and the presence of active syphilis 
is recogmzable only by serologic tests. Nevertheless, during 
this period there progresses a slow, mild, chronic inflamma- 
tion in various invaded tissues, particularly the cardiovascu- 
lar system or nervous system. This slow destruction and 
fibrosis may lead to eventual functional breakdown or may 
be evident only by gross or microscopic examination after 
death of the individual. 

Gumma is a less common type of tertiary lesion, charac- 
terized by great destruction of tissue, and relatively few 
organisms. The gumma may be found in almost any organ 
or tissue. It is usually a solitary nodule of necrotic tissue, 
varying from microscopic size to a diameter of several centi- 
meters. The opaque necrotic material has an elastic or 
‘ ‘ gummy consistence. Microscopically, it presents a coagu- 
lative necrosis, somewhat like that of an mfarction. About 
the necrotic material is a margin of lymphocytes and mono- 
nuclear cells. Multinucleated giant cells are rarely present. 
Proliferation of connective tissue cells encapsulates the 
lesion, and vascularized connective tissue may extend a con- 
siderable distance from the necrotic center. Differences be- 
tween gummas and tubercles are outlined in Table V, but 
histologic differentiation of single lesions is not always pos- 
sible without demonstration of organisms. The history of 
associated lesions usually must be considered in diagnosis. 

Table V 


Differential Features op Gummas anp Tubercles 



GUMMA 

tubercle 

Giant cells 

Bare 

Common 

Epithelioid cells 

Less numerous 

More numerous 

Lymphocytes and plas- 
ma cells 

More numerous 

Less numerous 

Tissue structure 

Often still visible 

Completely obliterated 

Fibroblasts 

May be found in center 
of gumma 

Absent from necrotic 
area 

Blood vessels 

Sometimes present 

Absent 

Size 

May be several cm. in 
^ameter 

Barely large 

Number 

Frequently single 

Rarely single 


When a gumma involves skin or mucous membrane, there 
is sloughing of necrotic material, so that an ulcer results. 
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Gununatous ulcers have irregular sharp walls, a punched- 
out appearance, and an irregular base. The palate is a com- 
mon site and may be completely perforated. Gummas heal 
with absorption of the necrotic material, and formation of 
dense fibrous distorting scars. This distortion is particularly 
well seen in the liver, where deep contracted scars produce 
a peculiar lobed cirrhotic appearance (hepar lobatum). 

Occasionally there is involvement by numerous miliary 
gummas, which begin as the usual perivascular involvement, 
but in which necrosis is slight or never complete. Healing 
occurs with diffuse and irregular fibrosis of the tissue. 

As syphilis may affect practically any organ or tissue, 
only tlie more important are considered here. 

I ' 

I 



Fig. 39. — Syphilitic aortitis. Note the longitudinal striation and tree- 
bark appearance. (Comtesy Dr. H. C. Schmeisser.) 

Circulatory System. — The aoi*ta is involved more com- 
monly than any other organ, probably in every case of active 
syphilis. It is especially the ascending aorta and arch 
which are affected, parts which possess a particularly rich 
lymph supply. This distribution is in contrast to that of 
atherosclerosis, which most markedly involves the lower 
abdominal portion. All layers are affected. The adventitia 
shows perivascular collections of lymphocytes and plasma 
cells and later is scarred and thickened. The most impor- 
tant damage is to the media, where destruction of elastic 
and connective tissue fibers so weakens the wall as to allow 
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aneurysmal bulging. Nearly all true aneurysms of the aorta 
are of syphilitic origin. The intima is involved by an irreg- 
ular fibrous thickening, which appears as an irregular wrin- 
kling and pitting. The resulting '"tree-bark” appearance is 
grossly characteristic. The intimal change causes little func- 
tional damage, except when it involves the sinuses of Val- 
salva, where it may result in narrowing or occlusion of coro- 
nary openings. Similar syphilitic lesions less commonly in- 
volve other arteries, also with aneurysm formation. Proximal 
portions of the coronaries may be stenosed or obliterated by 
syphilitic endarteritis. 

Heart. — Syphilis may involve the region of the aortic 
valve, and probably the myocardium. Changes in the aortic 
valves may be dilatation fof the aortic ring, thickening and 
shortening of the valve leaflets, or fusion of the valve leaflets 
into the wall of the aorta at their angles of attachment. 
These three types of change, which may occur singly or in 
combination, all produce insufficiency of the aortic valve. 
The extra burden of diastolic regurgitation into the left ven- 
tricle causes a work hypertrophy of that part. 

The myocardium, may be affected by narrowing or occlu- 
sion of the proximal portions or openings of the coronaries.® 
In addition, Warthin has described a specific syphilitic in- 
volvement of the myocardium, characterized by interstitial 
infiltrations of lymphocytes and plasma cells along vessels. 
These patchy or diffuse lesions in later stages show only 
fibrosis. Conducting bundles may be involved and give rise 
to heart block. The frequency and importance of syphilitic 
myocarditis are still matters of dispute.^* ® 

Nervous System. — ^Luetic involvement of the nervous sys- 
tem may take the form of a meningo-encephalitis,’’ general 
paresis (dementia paralytica), or tabes dorsalis (locomotor 
ataxia). Also, a gumma may develop in any part of the 
brain and simulate a tumor in its manifestations. 

The meningeal involvement is a granulomatous meningitis, 
with marked thickening and adherence of all layers. The 
tissues are infiltrated with lymphocytes and, in older lesions, 
many large mononuclears. The blood vessels are involved 
and perivascular infiltration and fibrosis give rise to the 
meningeal thickening. Varying degrees of degeneration of 
underlying nerve cells accompany the meningitis. 

Greneral paresis is usually a late manifestation of syphilis. 
Treponemas have been demonstrated in the involved tissue. 
The disease is manifested by dissolution of mental powers 
and balance and finally complete insanity. Varying degrees 
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of atrophic change affect the cerebral convolutions, and 
there is usually some accompanying meningeal involvement 
with thickening and adhesions. Microscopic changes in- 
clude degeneration of nerve cells and fibers in the cerebral 
cortex, especially in the frontal region, and proliferation of 
cortical neuroglia. Collections of plasma cells and Isnnpho- 
cytes are present about blood vessels. Storage in the mi- 
croglia of a large amoimt of iron-containing substance, which 
gives a Prussian-blue reaction, is a most characteristic finding. 



Fig. 40. — Syphilitic memingoencephalitis. The inflammatory exu- 
date is extending into cerebral tissue, particularly around vascular 
spaces. 


Tabes dorsalis (locomotor ataxia) is characterized by a 
degeneration and fibrosis of the posterior roots and posterior 
columns of the ^inal cord, as a result of syphilitic inflam- 
mation. Injury to the nerve fibers has been attributed to 
meningitis, to direct inflammation, to a toxin and to pres- 
ence of the spirochete itself. Varying degrees of meningeal 
inflammation and thickening accompany the cord changes. 
Occasionally the lateral pyramidal tracts and cranial sensory 
nerves are also involved. The changes are usually most pro- 
nounced in the lumbar portion of the cord. The posterior 
columns are shrunken and retracted, and pale gray on the 
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cut surface. In these degenerated areas axons and myelin 
sheaths have disappeared, and there is increased neuroglial 
tissue. Occasionally there is round-ceU infiltration or even 
small gummas where the posterior roots penetrate the 
arachnoid. 

Congenital Syphilis. — Syphilis is frequently congenital, but 
it is not hereditary. Placental and fetal tissues are a par- 
ticularly good soil for growth of the spirochete, and con- 
genital infection probably occurs whenever the mother has 



Fig. 41. — Pneumonia alba. Interstitial pneumonia in an infant \vitli 
congenital syphilis. Note the cuboidal cells lining the gland-like alveolar 
spaces. 


active luetic infection. The maternal infection may be old, 
and clinically latent, or may have been acquired just before 
or during pregnancy. Infection of the fetus may result in 
death in utero and abortion, in premature labor and still- 
birth, or in a live child with active syphilitic lesions. In 
some cases the child appears well at birth, but later develops 
evidence of syphilis (lues tarda). The old laws of Oolles 



Fig. 42. — ^Placenta in syphilis, showing connective tissue thickening 
of viBi with thickened fbrotic central vessels. (From Douglass and 
Faulkner: Essentials of Obstetrical and Gynecological Pathology, 
The 0. V. Mosby Co.) 

The placenta of a syphilitic infant is abnormally large. 
It often shows changes due to the infection, but not fre- 
quently so marked as to be diagnostic. Thickening of the 
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intima and adventitia of the vessels of the placenta and 
umbilical cord, and enlargement of the villi by new connec- 
tive tissue formation about the central blood vessels, have 
been ascribed to syphilis. 

Syphilitic infants born dead or dying shortly after birth 
frequently show skin lesions. These are usually in the form 
of blebs or bullae on the hands and feet. The infant ap- 
pears small and undernourished, but the liver and spleen 
are enlarged. 



rig. 43. — Fibrosis of the liver in congenital syphilis. 

The main changes are delayed or faulty development of 
organs, which appear enlarged, dense, and fibrous. The 
lung, liver, spleen, pancreas, and kidney are frequently in- 
volved. The change in the lung is commonly called white 
pneumonia (pneumonia alba). The pulmonary alveoli are 
not fully developed, being lined by cubical epithelial cells, 
and their walls greatly thickened by fine connective tissue 
and small round mesoblastic cells. In the enlarged liver 
there is an increase of connective tissue, particularly around 
portal areas. Focal areas of gummatous necrosis and many 
focal collections of small, round, dark, blood-forming cells 
occur. Similar excess hematopoietic activity is evident in the 
spleen. Fibrosis or undifferentiated mesoblastic tissue is al- 
so prominent in the pancreas and kidney. In the latter 
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organ a prominent neogenic zone at the outer edge of the 
cortex indicates the delayed development. 

Osteochondritis is the most constant lesion of congenital 
syphilis. It may be the sole lesion and is a valuable aid in 
roentgenologic diagnosis. In long bones the line of ossifica- 
tion between cartilage and bone is wide, irregular, yellowish 
and opaque, instead of a normal thin even gray translucent 
line. There is irregular and incomplete ossification in this 
area, with development of a cellular granulation tissue. 
Osteoblastic activity is diminished, with disturbance of nor- 
mal resorption and alteration in the growth of cartilage. 
Periostitis with thickening frequently accompanies the osteo- 
chondritis, but seldom occurs alone. 

Later forms of congenital S3nphilis produce various scars 
and deformities, some of which are characteristic stigmas of 
the disease. These include radiating scars about the mouth 
(rhagades), gummatous destruction of the nasal bones (sad- 
dle nose), and bulbous or tapered incisors with a notch in 
the center of the biting edge (Hutchinson’s teeth). Inter- 
stitial keratitis producing corneal opacity also occurs. 

OTHER SPIROCHETAL DISEASES 

Yaws (Frambesia) . — ^Taws is a tropical disease, closely 
similar to syphilis, and due to a spirochete, Treponema per- 
tenue, which is practically, indistinguishable from the luetic 
spirochete. In yaws the Wassermann reaction is positive, 
and salvarsan treatment is effective. Yaws is not a venereal 
disease, and spreads by direct contact, mainly to children. 
An initial primary lesion develops at the point of inoculation, 
usually on a leg or arm, f oUowed later by generalized scattered 
scaly macules. These go on to the development of vesicular 
and pustular elevations (frambesiomas). The initial lesion 
has marked epithelial hyperplasia, with lymphocytes and 
plasma cells in the dermis. Usually the spirochete is found 
only in the epidermis. The predominating involvement of the 
epidermis in yaws is in contrast to syphilis, in which disease 
the main changes and the spirochetes are found in the corium. 
In the scaly macular lesions epithelial proliferation is slight 
and cellular infiltration is scanty. Late lesions may ulcerate 
and show epithelial hyperplasia. According to Ferris and 
Turner,® histologic differentiation of the cutaneous and sub- 
cutaneous lesions of yaws and syphilis is unreliable. 

Taws differs from syphilis in that (1) the initial lesion 
is extragenital, (2) the infection is acquired most often in 
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childhood but is never congenital, (3) there is absence of 
mucous membrane lesions in the secondary stage, and (4) 
macular eruptions (roseola), iritis, and alopecia are uncom- 
mon. A long latent period between secondary and late mani- 
festations is unusual in yaws, but the tertiary lesions are 
similar to those of late syphilis. Skeletal involvement is com- 
mon with a high incidence of osteoporosis. Yaws is a milder 
disease than syphilis, and there is a less frequent involvement 
of cardiovascular and nervous systems. Gangosa (a destruc- 
tive nasopharyngitis), goundou (an exostosis of nasal bones), 
and ,iux1a-articular nodes have been considered sequelae of 
yawH.^'^ 



Fig. 44, — Pinta. (From Sutton, and Sutton: Diseases of llio Skin, 
courtesy Dr. Howard Fox.) 

Pinta (Carate, Mai del Pinto). — Pinta is a nouveneveal in- 
fection due to a spirochete, Treponema carateum (Treponema 
lierrejoni), inoi^hologically indistinguishable from the spiro- 
chete of syphilis. It is common among dark-skinned peoples 
of Central and South America, and particularly in Mexico 
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and Colombia. The exact method of transmission is unde- 
termined, but probably it is by direct contact. Insect trans- 
mission also has been suggested. The Wassermann and Kahn 
reactions are positive in most eases, and arsenicals are effec- 
tive in therapy. An eosinophilia (10 to 70 per cent) occurs 
in 75 per cent of cases. 

The initial lesion is a persistent nonulcerating papule, fol- 
lowed in five or more months by secondary lesions (pintids) 
in the form of macules and papules. The tertiary stage is 
marked by pigmented spots, most characteristically of a slaty- 
blue color. The terminal stage is a disfiguring white area of 
complete depigmentation. The lesions tend to be symmet- 
rically arranged, and usually are on the extremities. Except 
in the terminal stage, spirochetes are demonstrable in Ijonph 
extracted from the lesions by dark-field examination, and in 
the epidermis by silver impregnation of histologic sections. 



Fig. 45. — ^Pinta. Microscopic lesion ot* skin before the final stage, 
showing epidermal thickening, absence of basal pigment, melanophores, 
and iiSammatory cells in the corinm. (From Sutton and Sutton; 
Diseases of the Skin, courtesy Dr. Howard Fox.) 

The earlier lesions of the skin show a thickened epidermis 
with elongated papillary processes, edema, infiltration of 
lymphocytes, and scanty basal pigment. The corium shows 
an abundant perivascular leucocytic infiltration,* mainly 
plasma cells and lymphocytes, and numerous melanophores. 
The late lesions are characterized by epidermal atrophy with 
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absence of basal pigment, with many melanophores and 
lymphocytic accnmnlation in the eorium. The final stage is 
one of epidermal atrophy "with loss of papillae, complete ab- 
sence of pigment, and fibrosis of the corinm. There are lymph 
nodal lesions similar to those of syphilis, but with the constant 
presence of melanin pigment. Aortitis and cerebrospinal 
fluid changes similar to those of syphilis have been described 
clinically. 

Weil’s Disease (Spirochetosis Icterohemorrhagica).— 
Weil’s disease (spirochetal jaundice) is a severe prostratmg 
infection, due to a spirochete, Leptospira icterohemorrhagiae, 
and characterized by sudden onset, fever, jaundice, hemor- 
rhagic tendencies, muscular pain, and renal injuries. Spread 
occurs to man from rats. The organism is excreted in the 
rat’s urine, and human infection occurs through the skin. 
The condition occurs mainly in crowded communities living 
under damp, unhygienic conditions, as in trenches during 
war. Laboratory (fiagnosis is most easily made by inocula- 
tion of blood into guinea pigs. Generalized jaundice is usu- 
ally but not invariably present. 

Damage to capillaries is shovm by widely distributed mi- 
nute hemorrhages. The Uver is slightly enlarged and bile 
stained. Microscopically, one sees biliary stasis in central 
portions of the lobule, and proliferation of hepatic cells. 
Focal necrosis may be present. The kidneys exhibit degen- 
eration and necrosis in convoluted tubules and interstitial 
lymphocytic infiltration. Degenerative changes are common 
in muscle fibers, particularly those of the calf or pectoral 
region. 

Fusospirochetosis. — A symbiotic infection due to a spiro- 
chete, Borrelia vincmtii, and a long fusiform bacillus, B. 
fusiformis is often referred to as Vincent’s infection. The 
mouth is most commonly affected (trench mouth), with the 
production of necrotizing lesions, particularly on the pharyn- 
geal or tonsillar areas, or gums. The same organisms are 
often associated with gangrenous bronchial and pulmonary 
lesions, and may be found in lung abscesses, probably as sec- 
ondary invaders. Venereal fusospirochetal lesions also oc- 
cur, particularly in colored males. The genitalia and peri- 
neum are involved by ulcerative and destructive lesions 
which give rise to intense local pain and foul discharge.^* 

^lapsing Fever. — ^Relapsing fever is a widespread acute 
spirochetal disease, characterized by recurring paroxysmal 
attacks of fever and prostration, and disseminated by lice and 
ticks. The louse-home type, due to Borrelia recurrentis, is 
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spread in epidemic fashion from man to m a n by Pediculus 
humanus. Usually there are 1 to 3 febrile relapses, each last- 
ing four to six days. Spirochetes are numerous in the periph- 
eral blood. The mortality is low in otherwise healthy indi- 
viduals, but has reached 50 per cent in epidemics during 
periods of famine. The tick-borne form of relapsing fever 
is epizootic among rats and ‘other rodents, and the causative 
spirochete, Borrelia duttoni, may be transmitted incidentally 
to man by the bite of a tick of the genus Ornithodorus. 
There are usually 4 or more febrile relapses, lasting two to 
four days. Pew spirochetes are demonstrable in the periph- 
eral blood, and the mortality is very low. 

There are no very characteristic pathologic changes. The 
spleen shows zones around the Malpighian bodies of hemor- 
rhagic congestion and infiltration of neutrophilic leucocytes 
and mononuclear cells. Spirochetes are abundant and easily 
demonstrated by silver stains. The liver, kidneys, and heart 
show mild nonspecific degenerative changes. 

Batbite Fever (Sodoku). — ^Ratbite fever is usually the re- 
sult of a bite by a wild rat in which the organism, Spirillum 
minus, is commonly parasitic. Dogs, cats, and mice have 
also been reported to transmit the infection. A primary 
lesion develops at the portal of entry, followed by recurring 
attacks of chills and fever, a cutaneous eruption, lymph node 
enlargement, leucocytosis, muscular pains, and prostration. 
The organism may sometimes be demonstrated in blood smears, 
but it is more commonly isolated from blood by inoculation 
of mice. Wassermann tests may be positive. The condition 
responds to treatment with arsenicals. A clinically similar 
condition which also may follow a rat bite is due to Strepto- 
,bacillu$ moniliformis (Haverhill fever) 

NONSPIBOCHETAL VENEBEAL DISEASES 

Chancroid (soft chancre). — Chancroidal infection, due to 
Hemophilus ducreyi, is an acute venereal disease character- 
ized by soft genital ulcers, which often are followed by en- 
largement and suppuration of inguinal lymph nodes. Micro- 
scopically, the primary ulcer shows superficial necrosis with 
many polymorphonuclear leucocytes, fringed by a zone rich 
in plasma cells and monocytes. Small vessels show marked 
endothelial swelling. 

Gonorrhea. — See pages 70 and 579. 

Granuloma Inguinale. — (granuloma inguinale (granuloma 
venereum) is a chronic specific ^anulomatous infection in- 
volving skin and subcutaneous tissues of external genitalia 
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and inguinal region. The spread is probably by venereal 
means. Small intracellular structures, called Donovan bodies, 
are present in the lesions and apparently represent the cau- 
sative agent. They have been cultivated in the yolk of de- 
veloping chick embryos.^^ The lesions show luxuriant granu- 
lation tissue, massively infiltrated by plasma cells, with but 
few lymphocytes and polymorphonuclear leueoc:^es. The 
pathognomonic cell in the lesion is a large mononuclear cell, 
25 to 90 microns in diameter, with many intracytoplasmic 
clear areas filled with the deeply staining round or rod-like 
Donovan bodies.^^’ These bodies stain intensely with silver 
salts, giving a closed safety-pin appearance because of ovoid 
shape and intense bipolar staining. 



Fig. 46. — ^Lymphograiiuloma inguinale. Characteristic steUate abscess 
in lymph node. The irregular central cavity containing neutrophilic 
leucocytes is surrounded by mononuclear cells. 

Lymphogranuloma Venereum. — ^Lymphogranuloma venere- 
um (lymphogranuloma inguinale, lymphopathia venereum) 
is a virus infection of worldwide distribution, and quite 
common in America, particularly among the Negro race.^®’*® 
Venereal spread is probably most common. An evanescent 
and often unnoticed primary lesion is followed later by a 
variety of manifestations, such as inguinal lymph node en- 
largement (buboes), genital elephantiasis, rectal stricture, 
and warty polypoid growths about the anus, vulva, urethra, 
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and in rectum or vagina. The disease has a marked pre- 
dilection for lymphatic structures, with resulting lymph 
stasis, elephantiasis, and ulceration. Constitutional symp- 
toms are common in the acute stage. An immunologic skin 
test (Prei test) and a complement fixation test are valuable 
diagnostic aids.®® 

Lymphatic spread from the primary lesion leads, in males, 
to the formation of inguinal buboes. In females, lymphatic 
drainage from deeper parts of vagina and cervix is to para- 
rectal and parasacral glands, and this commonly leads to 
inflammatory stricture of the rectum. This is the most seri- 
ous manifestation of lymphogranuloma venereum. 

Acute changes in the inguinal lymph nodes are character- 
istic. Minute miliary abscesses may be evident grossly. 
Microscopically, there are circumscribed masses of large 
mononuclear cells, the centers of which become necrotic with 
the formation of irregular or stellate-shaped abscesses con- 
taining many polymorphonuclear leucocytes and surrounded 
by densely packed mononuclear cells. In the vulvar .ele- 
phantiasis (esthiomene) the essential change is a thrombotic 
lymphangitis, with chronic edema and sclerosing fibrosis re- 
sulting in induration and enlargement of involved parts. 
Similar lymphangitis is present in rectal stricture, with the 
addition of miliary infiltrations of the muscularis by lympho- 
cytes and plasma cells, and ulceration of the mucosa. 

On transmission of the virus to mice by the intracranial 
route, clusters of elementary bodies similar to those of psit- 
tacosis may be seen in mononuclear cells composing the exu- 
date in the meninges and in the substance of the brain. The 
infective agent may be grown in the yolk sac of the chick 
embryo, smears from which show the elementary bodies. 
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CHAPTER Vni 


MYCOTIC, PROTOZOAL, AND HELMINTHIC 
INFECTIONS 

MYCOSES 

Fungi are cellular filamentous plants belonging to a divi- 
sion called thallophytes. Because of absence of chlorophyll, 
they must obtain food from organic material already syn- 
thesized. They may be saprophytic or parasitic; i.e., they 
may obtain their food from dead organic material or a living 
organism. Fungus infections are not rare in man and are 
frequently serious. Yeasts and fungi may be stained prom- 
inently in tissue sections by means of Best’s carmine and 
Bodian activated silver,^ Superficial involvement of skin 
or mucous membrane is a common type of fungus infection, 
as in athlete’s foot and thrush. The more serious types of 
parasitic fungi produce widespread chronic destructive le- 
sions. 

Actinomycosis. — Actinomycosis is a chronic suppurative 
infection due to a streptothrix, the Actinomyces bovis. It 
affects man and certain herbivorous animals, causing ‘'lumpy 
jaw” in cattle. The organism grows in the tissues in colonies 
composed of a tangled, felted mass of filaments, surrounded 
by radiating projections known as “clubs” (hence the term 
“ray fungus”). Club formation occurs only in tissues, and 
not in culture, and is thought to be a reaction on the part of 
the organism to the surrounding tissues. When pus from a 
lesion is spread in a thin layer on a glass slide, the actino- 
mycotic colonies may be seen grossly as yellow “sulphur 
granules.” 

Some break in skin or mucous membrane is apparently 
necessary to allow entrance of the organism into the body, but 
the mode of spread of the infection is not known and direct 
contagion is unproved. The infection is geographically wide- 
spread. The region of the mouth, jaws, or face is most com- 
monly affected. The intestinal tract, particularly the ileo- 
cecal region and appendix, is next in frequency. Here it may 
be mistien clinically for chronic appendicitis, and following 
operation it may leave a chronic sinus. The liver often be- 
comes involved in any type of abdominal actinomycosis. Oc- 
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Plate VI.— Colonies of aetinomyces in tissue. Note the radiating 
structure of the colonies and the peripheral ‘‘club’’ formation. (Prom 
Thoma, Kurt H.; Oral Pathology, St. Louis, The 0. V. Mosby Com- 
pany, 1941.) 
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casionally the Fallopian tubes are infected. Pulmonary ac- 
tinomycosis may simulate chronic abscess or tuberculosis. 

The cliaracteristic lesions are chronic abscesses due to pro- 
gressive penetration and destruction of tissue. Many leuco- 
cytes are present in the zone of suppuration, surrounded by a 
wall of granulation tissue containing many mononuclear cells 
and occasional giant cells. In older ai*eas there is marked 
connective tissue formation. Histologic diagnosis depends on 
finding the ray fungus in the abscesses. 

In the cenucofacial type the lesion usually starts in the 
gums and spreads to the submaxillary region, where there may 
be tumor-like masses or soft suppui*ating lesions, and chronic 
sinuses from which pus escapes. Occasionally the primary 
lesion is in the skin. Intestinal involvement produces a 
chronic inflammatory mass and may lead to suppurating 
sinuses. Spread to the liver by the portal blood stream, re- 
sults in multiple, small, ragged abscess cavities. The thoracic 
type begins in the bronchioles, subsequently involves paren- 
chyma and pleura, with eventual perforation of the chest wall. 
Spread is rarely through lymphatics, but usually by direct 
extension or blood stream. Actinomycotic septicemia may 
result in metastatic abscesses in various organs and tissues. 

Mycetoma pedis (Madura foot) is a chronic infection of 
the foot caused by a variety of fungus-like organisms which 
may be differentiated by cultural studies. Granules repre- 
senting colonies of the organism are found in the tissues and 
in discharged pus. About half the cases are due to actino- 
myces, and the remainder to a variety of true fungi^ 
(maduromycosis). 

Blastomycosis (Gilchrist’s Disease). — ^Infection with Blas- 
tomyces dermatitidis, a yeast-like organism, most commonly 
involves the skin, but also may be systemic. The cutaneous 
type forms a chronic or subacute ulcer which responds to 
treatment with iodides or radiation. Systemic blastomycosis 
is highly fatal, with widespread involvement of lung, sub- 
cutaneous tissue, nervous system, internal organs, bones, and 
joints. 

Blastomyeetes are round or oval unicellular organisms, 
about 20 microns in diameter, and have a thick refractile 
double-contoured cell waU. Eeproduction takes place in the 
tissues by budding. 

The cutaneous lesions are most frequently on the face, 
hands, and legs. They begin as papules which slowly ulcerate 
and extend at the margin. Polymorphonuclear leucocytes ac- 
cumulate immediately beneath the epidermis, and the sur- 
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rounding tissue is infiltrated by lymphocytes and polymorpho- 
nuclear leucocytes. Giant cdls are often present and may 
contain organisms in their cytoplasm. Certain diagnosis de- 
pends on seeing the organisms in the tissue. Pulmonary 
lesions may have some resemblance to tubercles, but these 
lesions are differentiated by the presence of pus cells and the 
blastomycetes. 

Bhinosporidiosis. — ^Rhinosporidiosis is a chronic infection 
with Bhinosporidium seeleri, an endosporulating organism 
which produces polypoid or pedunculated tumor-like masses 
on the nasal mucosa. The condition is rare in the United 
States and is reported most commonly from Ceylon and India. 



Fig. 47. — Bhinosporidiosis. Large endosporulating organisms in nasal 
polypoid structure. 

AspergiUosis. — ^Most members of the genus Aspergillus are 
saprophytic and nonpathogenie. Some are found as harm- 
less invaders of the esdemal auditory canal, the nasal sinuses, 
and the external genitalia, and as secondary invaders in lung 
abscesses. In involvement of the ear, the external auditory 
canal may be partly filled with foul moist material spotted 
with black granules. Black lesions on the tongue due to asper- 
gillosis also have been reported. 
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MonUia Infectioii. — Monilia are a group of yeast-like or- 
ganisms, or Fungi imperfecti, of which the chief pathogenic 
member is Monilia albicans, the cause of thrush in children. 
This lesion is seen in debilitated infants and children as white 
patches or false membranes on the mucosa of the tongue, 
gums, lips, cheeks, or pharynx. 



Fig. 48. — ^Histoplasmosis. Bounded encapsulated organisms in swollen 
phagocytic cells of the spleen. 
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Histoplasmosis. — ^Histoplasmosis of Darling (reticulo- 
endothelial cytomycosis) is a fatal generalized infection with 
a yeast, Histoplasvia capsulatum. The parasites are found 
in large numbers in phagoes^ic cells of the retieulo-endothelial 
system. Originally regarded as a tropical condition, the dis- 
ease has been recognized with increasing frequency in the 
United States during the past decade. The highest incidence 
appears to be in the eentri area or Mississippi Valley region. 
The infection has been discovered in a few dogs, but the 
source of human infections and the portal of entry is im- 
known. Skin tests with histoplasmin have shown a high in- 
cidence of positive reactions in certain states, suggesting that 
mild infections with Histoplasma capsulatum or an immuno- 
logically related organism are very prevalent.* 

Clinically, the condition may resemble primary blood dys- 
crasias, dysentery, or respiratory infeietions. Severe anemia 
and leucopenia with relative lymphoe34osis are the usual blood 
findings. The spleen, liver, and lymph nodes are enlarged. 
While clinical diagnosis has seldom been made, it is possible 
by biopsy or by recognition of the organism in mononuclear 
cells of the blood in blood smears. Infants and children are 
commonly affected, as well as adults.* Most infected adults 
have been males.* 

The characteristic patholo^c change is a widespread 
retieulo-endothelial hypeiplasia, with huge numbers of the 
encapsulated organisms within the phagocytic cells. Organs 
most commonly involved are spleen, liver, lymph nodes, 
lungs, bone marrow, oral mucosa, adrenals, and intestines. 
Hyperplasia of endothelial cells lining small blood vessels 
may lead to partial or complete occlusion of their lumens. Ul- 
cerations of the colon, tongue, larynx, and pharynx, and a 
patchy pneumonitis are also common. Vegetative endo- 
carditis 1ms occurred. 

Sporotrichosis. — ^This uncommon fungus infection occurs 
mainly in farmers and nurserymen, suggesting that spread 
may be from plants. The primary lesion is usually on the 
skin of the arms or hands, but invasion may be by lungs or 
intestine. The skin lesions are usually multiple, ulcerative, 
and easily mistaken for gummas. The fungus appears in the 
involved tissue as a small, spindle-shaped, single-celled Gram- 
positive organism. 

Torula Infection. — Torula is a fungus, variously called 
Cryptococcus hominis and Torula histolytica. The parasites 
are small spheres, measuring up to 12 microns in 'diameter, 
and reproduce l)y budding. The infection most often affects 




rig. 49. — Tonila ericephalitis. Cystic areas in cerebral tissue contain 
the numerous small round parasites. 


meningitis is characterized by pale grayish translucent nod- 
ules, easily mistaken for tuberculosis. In about half the cases 
there are intracerebral lesions. Basal ganglia and midbrain 
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may be involved as well as cortex. Torula usually causes little 
cellular reaction, but there is a tendency to form tumor-like 
masses and cysts. Organisms are seen free and within swollen 
endothelial cells. 



Fig. 50. — CoocidioidomycoBis of lung. Note the endosporulating or- 
granism and multinadeated giant celL 

Coccidioidomycosis and Coccidioidal Granuloma. — Infec- 
tion with the fungus, Gocciddoides immitis, is endemic in 
Southwestern United States, particularly California, but a 
few cases have been reported in other parts of the Americas. 
Warm, dry, and dusty areas apparently are suitable for 
^read of the infective chlamydospores. The portal of entry 
is the respiratory tract, but in exceptional cases abrasions of 
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the skin are believed to have been the site of entry of the 
organisms. In most cases the infection is focalized in the 
lungs, is self -limited, and asymptomatic. More severe infec- 
tions may be manifested by an acute respiratory illness 
(“influenzal” or “pneumonic” form). Sensitivity to the 
fungus as manifested by skin test with coccidioidin develops 
ten to forty days after infection, and transient humoral anti- 
bodies (precipitins and complement fixation) may be detect- 
able. The allergy as shown by reaction to coccidioidin re- 
mains, and the recovered individual is highly resistant to re- 
infection. A few cases develop manifestations of erythema 
nodosum or erythema multiforme. 

In a small proportion of infections, instead of arrest, there 
is a progressive or disseminated coccidioidomycosis (coccidi- 
oidal granuloma), and in such cases the mortality is high. 
The lungs, skin, bones, and lymph nodes are most frequently 
involved. The condition is easily mistaken for tuberculosis 
or blastomycosis. Diagnostic proof depends on demonstrating 
the fungus either by culture and animal inoculation, or 
microscopically in tissue. In tissues the organism may be 
found free or in giant cells as a rounded body, 5 to 70 microns 
in diameter, with a highly refraetile, double-contoured cap- 
sule, and containing endospores. Reproduction by endo- 
sporulation differentiates the organisms from blastomyces, 
which reproduce by budding. 

The tissue reactions may simulate those of tuberculosis 
or of blastomycosis, and differentiation is by recognition of 
the endosporulating organisms. Abscesses and pseudotu- 
bercles develop, with epithelioid cells, multinudeated giant 
cells, and fibrosis. Pulmonary cavitation may be present. 

Chromoblastomycosis. — ^Relatively uncommon but occur- 
ring in widely distributed areas, chromoblastomyeosis is an 
infection by moldlike pigmented fungi belonging to the 
genera Homiodendrum and Phicdophora. It occurs mainly 
in farmers or individuals having contact with vegetation, 
and affects the skin, usually of an extremity, producing a ver- 
rucous dermatitis. It does not become systemic. The_ lesions 
may be papular, verrucous, or ulcerative. Microscopic diag- 
nosis is made by finding the brovm, thiek-waUed rounded 
cells of the fungus in ^e lesion. Epithelial proliferation 
may be prominent, and a cdlular reaction with plasma cells, 
macrophages, and multinudeated giant cells commonly oc- 
curs. 




Fig. 51. — ChrotQoblastomycosis. Note the dark, thick- walled organ- 
ism^ in a tiny epidermal abscess (top), and budding (bottom). 


PROTOZOAL INFECTIONS 

The main protozoal diseases in man are amebiasis, due to 
Endamoeba histolytica; malaria, caused by sporozoa of the 
genus Plasmodium, trypanosomiasis, and leishmaniasis. 

Amebiasis. — ^The pathogenic En^moeba histolytica is an 
actively motile and phagocytic organism, 20 to 30 microns in 
diameter. It has a single, delicate, barely distinguishable 
nucleus. It penetrates the tissue of the large intestine, caus- 
ing characteristic chronic ulcers. Its presence may or may 
not be associated with the clinical symptoms of amebic dysen- 
tery. Metastasis of the amebae through the portal vein to the 
liver results in hepatitis or liver abscess. 

Some of the organisms leave the tissues and become en- 
cysted in intestinal contents. The single nucleus undergoes 
successive divisions to form four small nuclei, and the 
rounded-up organisms secrete a wall about themselves. Hu- 
man infection occurs only from ingestion of these cysts. In- 
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gested cysts develop into four small trophozoites, which 
penetrate colonic epithelium by their own active movement, 
aided by a lytic substance which they secrete. Here they 
produce small areas of gelatinous necrosis or abscesses, 
which on rupture leave small ulcers. If resistance is suffi- 
cient, these lesions may remain small, the infection is sjunp- 
tomless, and the individual is an apparently healthy carrier. 



Pig. 52 . — ^Amebic colitis. Note the sbaggy and irregular areas of ulcera- 
tion. (Courtesy Dr. H. 0. Sehmeisser.) 


With inadequate resistance, the amebae penetrate the sub- 
mucosa and extend laterally, producing large, characteristi- 
cally undermined and flask-shaped ulcers. The ulcers have 
shaggy, yellowish-brown edges and a floor formed by sub- 
mucous or muscular coats. Secondary bacterial infection 
from the intestine is usual. In severe cases there may be 
perforation of muscular and serous coats and general peri- 
tonitis or adhesions to neighboring structures. The cecum, 
flexures, and rectum are common sites, but any portion of 
the large bowel, including the appendix, may be involved. 
The small intestine is rarely affected. Microscopically, the 
lesions show an absence of polymorphonuclear leucocytic 
reaction until secondary infection occurs. Gross ^agnosis 
dei)ends on recognition of the characteristic undermined and 
flask-shaped lesions, and microscopic diagnosis on recog- 
nition of the amebae in the tissues. 
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Liver abscess is the most frequent complication. It may 
be single or multiple and have a diameter of a few milli- 
meters or many centimeters. The lining is rough and shaggy, 
and in older abscesses there is a connective tissue wall. The 
contents are grumous, semi-fluid, and yellowish red or choco- 
late colored. Microscopically, the amebae are found in the 
edge of living tissue and in the adjacent necrotic material. 
Occasionally, transportation of the organisms by hepatic 
veins results in a similar lung abscess. 





^g. 54. — Ameb&e in sabmucosa and invading tnascularis, amebic 
ccditis. Note absence of any marked tissne reaction. CiT. S. Army 
Medical Mnseum.) 
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Balaatidiiuu Coli Infections. — See p. 486. 

Malarial. — ^Malaria is an infection with, a protozoan para- 
site which has an asexual cycle in man, and a sexual cycle 
in the anopheles mosquito. The parasite is a sporozoon, and 
three common species infect man, causing three types of the 
disease: Plasmodium, vivax (tertian m^aria), Plasmodium 
mcdariae (quartan malaria), and Plasmodium fcdcipwrum 
(estivo-autumnal or malignant tertian malaria). A rare 
fourth type is that due to Plasmodium ovale. They differ 
in time required for the completion of a cycle in man, parox- 
ysms of chills occurring at the time of sporulation. 

The Paeasite Cycle. — ^The parasite is injected into man 
by the bite of an infected anopheline mosquito. The parasite 
invades a red blood cell, where it enlarges and matures, pro- 
ducing a characteristic large form (schizont) which can be 
identified by appropriate stains of the blood. The intra- 
cellular parasite makes use of the hemoglobin in the red cell, 
using up the protein fraction and leaving the “heme” portion 
as a brownish granular “malarial” pigment, which is a form 
of hematin, and not melanin.® By intracellular division the 
large form breaks up into a number of small forms (mero- 
zoites). Bupture of the red cell ireleases the pigment and 
merozoites into the blood stream. Bach of these attacks a new 
red cell and the asexual cycle (schizogony) is repeated. The 
time taken for completion of this cycle is quite uniform and 
constant for the particular type of parasite. Consequently 
large numbers mature and rupture into the blood stream at 
about the same time producing the characteristic malarial chill 
which recurs at regular intervals. 

A few of the intracellular parasites develop sexual forms, 
called microgametes and macrogametes, instead of the asexual 
sporozoites. These forms, when released into the blood stream, 
do not re-enter new red cells, but perish unless taken into the 
stomach of an anopheline moscpito along with its blood meal. 
In a mosquito’s stomach the micro- and macrogametes fuse to 
produce a motile fertilized form (zygote), which penetrates 
the wall of the stomach and forms a cy^ (oocyst). Large 
numbers of spores develop within this cyst, eventually readh 
the salivary glands of the mosquito, and are ready to infect 
the next person bitten. 

General Pathology. — ^Pathologic changes in malaria are 
dependent on the following factors: (1) lai^e numbers of 
red cells are parasitized and destroyed, with production of a 
secondary anemia. (2) The malarial pigment (hematin) is a 
peculiar breakdown product of hemoglobin, and is produced 
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in large amounts. It does not occur normally in the body 
and is not an intermediate product in the breakdown of hemo- 
globin and the formation of bile pigment. By some it is be- 
lieved to have toxic properties responsible for many of the 
manifestations of malaria. It seems more likely that its ill 
effects are produced by promotion of vascular obstruction and 
thromboses, rather than by any inherent toxicity. The pig- 
ment is taken up by phagocytic cells of the reticulo-endothelial 
system. The residting reticulo-endothelial hyperplasia con- 
tributes to enlargement of the spleen and liver. The deposited 
pigment imparts a slaty-gray or grayish-black color to the 
enlarged spleen, and to a lesser extent discolors the liver. (3) 
Obstruction of small blood vessels is probably the most impor- 
tant factor in the pathology of malaria. This is due mainly 
to the formation of smaU agglutinated masses of parasites, red 
cells, pigment, and fibrin. The presence of the foreign pig- 
ment, hematin, may be an important factor in the thrombotic 
process. The vascular obstructions result in insufficient blood 
supply to various tissues. In certain organs, e.g., the brain, 
tMs ischemia may result in dysfunction or even the develop- 
ment of small areas of necrosis. 

Lesions in Individual Oegans. — 

Spleen . — The spleen may be greatly enlarged and is dis- 
colored a slaty gray or grayish black. Microscopically, an 
enormous amount of pigment and many parasites are seen in 
phagocytic cells. 

Liver . — The liver is usually only slightly enlarged and 
discolored. Microscopically, pigment is seen in the Kupffer 
cells lining the sinusoids. Occasionally, small focal areas of 
necrosis are present. 

Bone Marrow , — In the bone marrow some hyperplasia and 
retention of pigment are evident microscopically. 

Nervous System , — Tiny areas of hemorrhage and focal 
necrosis with softening may be found in the brain and cord. 
Cerebral involvement occurs particularly with severe P. 
falciparum infections. SmaU blood vessels here, as in other 
tissues, appear congested and obstructed with agglutinated 
masses of parasitized red cells. In cases not too rapidly fatal 
the so-called '^malarial granuloma'' of Diirck may be found. 
Around a central occluded capiUary is an area of necrotic 
tissue, surrounded in turn by a zone of extravasated red cells 
^d proliferating neuroglid cells. The necrotic material 
is removed, and a ceUular nodule of neuroglial ceUs re- 
mains. The effects of cerebral lesions in malaria depend on 
their position and extent.® 
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Kidney. — ^Usually no gross changes are evident in the kid- 
ney. Mild microscopic changes occur constantly. These are 
mainly tubular degenerations and blockage of tubules by casts. 
In certain cases, as in the complication called “blaefavater 
fever,’* the renal changes are severe. 

Blackwater fever develops in certain cases of malaria. 
There is an intense hemoglobinuria with the passage of red 
or reddish-black urine. This complication is usually fatal. 
The reason for its development in certain cases is unknown. 
The kidneys show marked degeneration, particularly of the 
convoluted tubules, and many tubules contain pigment casts 
blocking their lumens. 

Leishmaiiiasis.-— This is a tropical condition, due to proto- 
zoan parasites with a complex life cycle. Transmission is 
by the phlebotomas fly (sandfly). The three main t 5 ?pes of 
Leishmania are morphologically indistinguishable. 

1. Leishmania donovani produces the disease kala-azar 
(visceral leishmaniasis), prevalent in India. The organism 
can be seen in phagocytic cells of the reticulo-endotheHal 
system. The intracellular parasites in tissue sections resemble 
Histoplasma but can be differentiated by the presence of the 
kinetoplast and the lack of a capsule. The spleen is greatly 
enlarged. 

2. Leishmania tropica, produces oriental sore (cutaneous 
leishmaniasis), a chronic granulomatous ulcer, prevalent in 
the Mediterranean region. 

3. Leishmania iraziliensis (American leishmaniasis, muco- 
cutaneous leishmaniasis) results in chronic granulomatous 
ulcers, similar to the oriental sore. There is a marked tend- 
ency to involvement of the skin and mucosa of the mouth, 
nose, and pharynx. The ear is also commonly involved, es- 
pecially among chicle workers of Yucatan (chiclero ulcer). 
It occurs in Central and South America. 

Trypanosomiasis. — Trypanosomes are large, flagellated 
protozoan parasites, closely related to the Leishmania. The 
African strains, Trypanosoma gamiiense and T. rhodesiense, 
are spread by the bites of Glossina (tsetse) flies, and cause 
African sleeping sickness. Trypanosomes are found in the 
blood, and often in cerebrospind fluid. The lymph nodes are 
generally enlarged and soft, but most strikingly the nodes 
of the neck and groin. Chronic meningoencephalitis and 
meningomyelitis are present, most marked about the pons and 
medulla. Microscopically, there is a perivascular infiltration 
of small round cells. 
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Fig. 55, — ^American leishmaniasis (Costa Eica). Cutaneous lesions of 
arm and ear (Chiclero ulcer). 

The American type of trypanosomiasis (Chagas’ disease), 
caused by Trypanosoma cruzi, is found in various parts of 
Central and South America. Spread to man is by various 
triatomid bugs, infective forms passed in the kissing bug’s ex- 
creta contaminating the bite wound or other abrasions of the 
skin. Bats, armac^los, rats, and other animals act as reser- 
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voir hosts. In man or other mammals the trypanosomes 
leave the blood and enter tissue cells, where they assume 
leishmania forms. The heart, brain, and liver are most com- 
monly involved, but almost any tissue may be invaded. The 
heart is enlarged and microscopically shows a diffuse myo- 
carditis and leishmania forms in the muscle fibers. Most 
acute eases occur in children. 



Fig. 5G. — ^Amencaa leislimaniasis. Smear from cutaneous lesion 
(Fig. 55) showing intraeytoplasmic and extracellular leishmania, in 
some of which the nucleus and kinetoplaat are distinguishable. 

Toxoplasmosis. — ^Toxoplasmosis is a recently recognized 
general infection caused by a protozoon, Toxoplasma. The 
congenital form of the disease in infants is an acute or sub- 
acute granulomatous encephalitis, with hydrocephalus, con- 
vulsions, and a characteristic type of bilateral chorioretinitis. 
Presumptive clinical diagnosis is based on the recognition of 
this ocular lesion by ophthalmoscopic examination, with evi- 
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dence of hydrocephalus and focal intracerebral calcification 
on roentgenologic examination, and on the presence of several 
hundred lymphocytes and erjiihrocytes per c. mm. in the 
spinal fluid. 

Since the lesions develop in utero it must be assumed that 
the mothers of the affected infants, although manifesting no 
clinical evidence of illness, are latently infected with the 
organism. The disease occurs in several lower animals, in- 
clu^g the dog, but the mode of transmission to man is un- 
known. 



Pig. 57. — ^Myocarditis in Chagas^ disease. 


In fatal cases of the congenital type, hydrocephalus is 
found, with necrotic granulomatous foci in the brain, rang- 
ing from microscopic size up to 1 cm. or more in diameter. 
These lesions are numerous in the walls of the dilated ven- 
tricles, and toxoplasma organisms are readily found in them. 
The myocardial fibers are often distended with large com- 
pact clusters of protozoa, and focal lesions with organisms 
are sometimes present in the liver and elsewhere. 

^ Cases surviving the acute stage of the disease may live 
on into late childhood with poor vision, mental retardation, 
persisting hydrocephalus, convulsions, and other manifesta- 
tions of residual damage to the nervous system. Definite di- 
agnosis during life may be made by finding the organisms 
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in the spinal fluid, or by transmitting the disease to guinea 
pigs or mice by the injection of spinal fluid or blood. Im- 
munologic tests for the presence of the infection are being 
developed. 

The rare cases of acute toxoplasmosis in adults have shown 
interstitial pneumonitis, while cerebral lesions have been 
scarce and of microscopic size. 
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Bonndwoms 

Ascaris Lumbricoides. — ^Ascam lumhrieoides, the common 
roundworm, is a long, cylindrical, nonsegmented worm, with 
separate male and female forms. Its average length is about 
20 to 23 cm. Infection is acquired by ingestion of fertilized 
eggs, which, hatch in the duodenum. Here they penetrate 
lymphatics and are carried to the blood and thence to the 
lungs. In the lung they penetrate alveoli and are coughed 



Pig. 59. — Oxyuris venniculaTis (pinwoms) in the Inmen of the 

appendix. 

up in sputum. Some are swallowed with the sputum and 
develop into mature worms in the small intestine. About 
two months are required for the complete cycle. The female 
may produce as many as 200,000 eggs daily. The presence 
of the worms may cause some slight irritation of the gut, 
but more often is either symptomless, or causes trouble only 
by obstruction of appendix, bile ducts, etc. 

Enterobius Vermicularis . — Enter ohius vermicularis (Oxy- 
uris vermieularis, pinworm) is a tiny worm 5 to 12 mm. in 
length. It is especially common in children. Infection results 
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from ingestion of fertilized eggs, which hatch in the duode- 
num. Maturation and copulation occur in the small intestine, 
after which the females migrate to the large bowel, pass out 
and lay their eggs about the anus. Itching in the anal region 
is a common symptom. Occasionally, female pinworms in the 
appendix cause irritation, inflammation, and obstruction, sim- 
ulating appendicitis (see page 495). 

An]^lostoma (Hookworm). — The hookworm, a common 
parasite in southern areas of the United States, is about 1 
cm. in length, and its anterior end is bent to give the appear- 
ance of a hook. The mouth has chitinous plates (or teeth) 
by which the worm attaches itself to the intestinal mucosa. 



Fig. 60 . — Wuchereria hanorofti infection. Inflammatory reaction in 

epididymis. 


The small intestine, its habitat, may show numerous bleed- 
ing spots as a result of injury, thus produced. Ova are 
passed in the feces, and if deposited in warm moist soil, 
hatch and produce larvae. In about five days the larvae are 
infectious for man, and are able to penetrate skin with which 
they come in contact. At the site of penetration, usually 
between the toes, there is a mild local inflammation (ground 
itch). The larvae enter subcutaneous venules, pass to the 
lung, and then by way of trachea and esophagus, to the 
small bowel. The condition is often accompanied by severe 
anemia, eosinophilia, and evidence of general intoxication. 
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Filariasis. — The filariae are roundworms which live in the 
lymphatics or tissues of man. The most widespread is Wuch- 
ereria hancrofti, found in parts of Central and South Amer- 
ica, Africa, Lidia, Asia, and various Pacific Islands. At one 
time there was a focus of eases in South Carolina. The adult 
worms live in the lymphatics of man, mainly in the pelvic re- 
gion and in the genitalia in the male, causing an obliterative 



Fig. 61. — Microfilariae of Wuohereria "bancrofU (epididymis). 


granulomatous lymphangitis. Eventually this may result 
in lymphatic obstruction and consequent elephantiasis of 
scrotum or limbs. About a year after infection, larvae 
(microfilariae) appear in the blood, usually with nocturnal 
periodicity. The microfilariae when taken up by various 
culicide and anopheline mosquito vectors develop into in- 
fective forms. Infections with Wuchereria moAtvyi are simi- 
lar, although the microfilariae are somewhat different. 
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Loa loa is a filaria found in central and west Africa, trans- 
mitted by a biting fly, Chrysops. The worms migrate in con- 
nective tissues, producing transient swellings (Calabar swell- 
ing), and may appear in the conjunctiva. The microfilariae 
appear in the blood in the daytime. 

DracuncvZus medinensis (Guinea worm) is found mainly 
in Africa. The threadlike female, as much as a meter in 
length, lives in subcutaneous tissues. The microfilariae are 
not found in the body, but are dischai^ed through a blister 
of the skin on contact with water. The intermediate host is 
a Cyclops, and transmission to man occurs when an infected 
crustacean is swallowed with water. 



Pig. 62 . — Onchocercoma; adult worm, containing many microfilariab, 
embedded in inflammatory nodule. 


Onchocerca volvulus is a nematode causative of onchocer- 
ciasis. It is found in circumscribed areas of Guatemala and 
Mexica (at elevations of 1100 to 5000 feet), and in west 
Africa. Spread is by the gnat or black fly, Simulium. The 
adult worms are found in localized inflammatory fibrous 
nodules (onchocercomas), most common in American oncho- 
cerciasis in subcutaneous tissue of the head region. Micro- 
filariae are found in superficial parts of the skin, particularly 
abundant near the nodule, but also at a distance. An ery- 
sipeloid dermatitis, eosinophilia, and ocular disturbances are 
common manifestations. Invasion of the eye by microfilariae 
frequently produces visual disturbances and blindness. 
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Trichinosis . — Trichinella spiralis has been found to infect 
15 per cent or more of individuals examined at autopsy in 
various parts of the United States.^ Considering this high 
incidence, clinical sjnnptoms are uncommon. The infection 
is common in rats, from which pigs and other flesh-eating 
TnnTnTnnlg become infected. Ingestion of partially cooked or 
raw pork containing the larvae in muscles frees the encysted 
larvae in the small bowel. Here they mature and give birth 
to larvae wWh invade tissues, penetrate blood vessels, and 
reach the voluntary muscles, where they become encysted. 



rig. 63. — ^Encysted trietina in voluntary muscle. 


The extraocular muscles, masseters, tongue, larynx, dia- 
phragm, cervical and intercostal muscles are most frequently 
and heavily involved. Sites of tendinous insertions es- 
pecially are affected. Occasionally a massive eneystment in 
muscles is accompanied by myositis, with swelling, pain, and 
tenderness. Muscle fibers degenerate and focal inflammatory 
reactions occur about the larvae. After a time the encysted 
larvae die and become calcified. Interstitial myocarditis, 
with infiltrations of neutrophilic and eosinophilic leucocytes, 
is common in trichinosis, although the larvae almost never en- 
cyst in the muscle of the heart. Inflammatory and hemor- 
rhagic foci may be found also in the central nervous system. 
Clinical trichinosis may have allergic manifestations.*® 
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Flukes 

The trematodes or flukes are nonsegmented flatworms 
which live in the blood or tissues, and have complicated life 
cycles. Those most important in man are the blood flukes 
( schistosomes) the liver flukes {Clonorchis sinensis and 
Fasciola hepatica), and the lung fluke {Paragonimus loester- 
mani ) . 



Fig. 64. — Liver, Schistosoma mansoni. Two irregular remnants of 
ova are seen in the center. 


Schistosomiasis. — The male and female blood flukes live 
in various parts of the portal blood stream, the eggs being 
excreted with feces or urine. The eggs hatch in water, and 
the resulting free-swimming organisms (miracidia) attack 
and infect appropriate species of snails. After a period of 
development and multiplication in the molluscan host, fork- 
tailed free-swimming forms (cercaria) are discharged, and 
can penetrate human skin coming into contact with the in- 
fected water. Transient local irritation or an urticarial 
rash may appear at the site of entry in the skin. Penetrating 
peripheral venules, the larvae are carried in the blood stream 
and those which reach the portal circulation survive and ma- 
ture. The important lesions which develop are due to the 
deposition of eggs in the liver, walls of bowel and bladder, 
and other tissues. 

Schistosoma haematobium (Bilharzia) is most prevalent in 
northern Africa. The pelvic veins, particularly the vesiculo- 
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prostatic plexus, are the frequent location of the parasites, 
the tenninal-spined ova being deposited in the wall of the 
bladder and passed in the urine. The irritation of the ova 
in the bladder wall gives rise to cystitis, hematuria, and 
sometimes carcinoma of the bladder. The rectal wall also 
may be affected. 



Pig. 65. — Appendix, schistosomiasis due to Schistosoma japonioim. Note 
ova in muscularis and submucosa, and tubercle-like lesion. 

Schistosoma mansoni infections are widely distributed in 
Africa, northern South America, and the Caribbean region. 
The mature worms locate mainly in the lower colonic and 
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rectal branches of the portal veins. The lateral-spined eggs 
extruded into the intestinal wall cause a chronic inflammatory 
reaction. Pseudotubercles and small abscesses form around 
the ova, and fibrosis and thickening of the bowel wall eventu- 
ally develop. Many ova are carried by the portal stream 
to the liver and deposited around portal spaces, where they 
cause formation of pseudotubercles and fibrous nodules. 
Eventually, this may lead to a progressive portal cirrhosis, 
with obstruction of the portal circulation, splenomegaly and 
ascites (seep. 390). 

Schistosoma japonicum infections are common in the Far 
East, particularly in the Yangtse Valley of China, and areas 
of Japan, Formosa, and the southern Philippines. The adult 
worms are most commonly in branches of the superior mesen- 
teric vein draining the small intestine. The eggs, which 
have but a small rudimentary lateral spine, are extruded 
through the wall of the small bowel, where they cause much 
irritation,^ dys^tefic symptoms, chronic inflammation and 
fibrous thickening. Many eggs are carried to the liver, where 
they cause pseudotubercle formation, periportal fibrosis, 
portal obstruction, splenomegaly, and ascites. 

Nonhuman varieties of schistosome cercariae have caused 
severe dermatitis (swimmer’s itch) in some areas of the 
United States, although the parasites are incapable of de- 
veloping to maturity in man. 

Tapeworms 

Tapeworms are long, segmented, hermaphroditic worms, 
having a small head provided with suckers and booklets. 
Each mature se^ent may produce a large number of eggs. 
With the exception of the dog tapeworm (echinococcus) and 
sometimes the pork tapeworm (cysticercosis), man harbors 
the mature worm, and larval forms occur in an intermediate 
host. 

Hymenolepis Nana (Dwarf Ts,pev7orm).—Hymenolepi$ 
nana is the smallest human tapeworm, and the commonest in 
the United States. The adults are 10 to 40 mm. long, and 
may be numerous in the upper ileum. Infection is usually 
acquired from rodents. 

Taenia Saginata (Beef Tapeworm). — ^Living encysted em- 
bryos of Taenia saginata are ingested with inimflBlciently 
cooked beef. It is the second most common tapeworm in the 
United States. The adult worm has a small pyriform head 
with four lateral suckers, and a body with one to two thousand 
segments, extending for many feet. Symptoms may be slight 
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and are due to irritations from their large size, and absorp- 
tion of food from the intestine. 

Taenia solium (Pork Tapeworm). — ^In Taenia solium, in- 
fection the intermediate host is the hog. The worm is 8 to 
12 feet long, has a small globular head with four sucking 
discs and a number of booklets, and about 1,000 body seg- 
ments. While uncommon in the United States, the pork 
tapeworm is particularly important because the larvae as well 
as the adult can develop in man. Hence when infection is 
present, precautions to prevent ingestion of eggs are essen- 
tial. If eggs are ingested by man, embryos liberated by 
action of gastric juice migrate into the body tissues and be- 
come encysted (eysticercosis). The brain, eye, muscles, 
heart, liver, and lungs have been involved by the larval cysts, 
with disturbances due to the space which they occupy and 
the surroundmg inflammatory reaction.®* 

Diphyllobothrium Latum (Fish Tapeworm). — Diphyllo- 
hoihrium latum imdergoes two stages intermediate between 
man, a larval stage in a cyelops and an encysted stage in fresh 
water fish. The adult worm is long and has an almond-shaped 
head with two lateral sucking grooves, but no booklets. 

Taenia Echinococcus (Dog Tapeworm). — In the case of 
Taenia echinococcus, the adult worm is found in the dog, and 
the intermediate larval form occurs in cattle, sheep, hogs, 
man, and other mammals. Dogs acquire the infection from 
eating carcasses of sheep, cattle, and hogs in endemic areas. 
The adult worm is small, measuring 3 to 5 mm. in length. The 
head is distinctive, with four sucking discs and a circle of 
booklets. Three segments constitute the body. The ova passed 
with dog’s excreta, are usually ingested by man with uncooked 
vegetables. Larvae develop in the intestine, penetrate the 
wall into blood vessels, and pass to the liver and other organs. 
Lodged in an organ they form cystic structures, known as 
hydatid cysts, which vary up to 20 cm. or even more in diam- 
eter. The cysts have a white outer layer and a granular 
inner germinal layer. Prom this inner layer, new cysts de- 
velop, and scoleces, or heads, of new worms are formed. These 
can be recognized by seeing the row of booklets. Eventually 
the larvae die out, and the cyst becomes converted into a 
putty-like mass with calcification of the capsule. Material 
from hydatid cysts, used as antigen, results in a skin reaction 
which may be helpful in clinical diagnosis. Hydatid disease 
is not commonly acquired in North America, but has a high 
incidence in Australia, New Zealand, Uruguay, Argentina, 
Iceland, and in parts of Europe. 



MYCOTIC, PROTOZOAL, AXD HELMINTHIC IXFECTIOXS 181 

Keferences 

Mycoses 

1. Kemohan, J. W.: J. Neuropatli. & Exper, XeuroL 2: 95; 1945 

(staining fungi in tisanes). 

2. Anderson, W. A. D., Michelson, I. D., and Dunn, T. M.: Am. J. 

Clin. Path. 11: 344, 1941 (histoplasmosis). 

3. Parsons, E. J., and Zarafonetis, C. J. D.: Areh, Int. Med. 75: 1, 

1945 (histoplasmosis). 

4. Palmer, Carroll E.: Pub. Health Eep. 60: 513, 1945 (incidence of 

histoplasmin reactors). 

5. Smith, Charles E.: M. Clin. North America 27: 790, May, 1945 

(coccidioidomycosis). 

6. Moore, M., Cooper, Z. K., and Weiss, E. S.: J. A. M. A. 122: 1237, 

1943 ( chromoblastomycosis) . 

7. Bums, E. L., Moss, E. S., and Brueek, J. W.: Am. J. Clin. Path. 

15: 35, 1945 (mycetoma pedis). 

Trotozodi Infections 

8. Morrison, D. B., and Anderson, W. A. D.: Pub. Health. Eep. 57: 

90 and 16:L 1942; Arch. Path. 33: 677, 1942 (malaria). 

9. Dhayagude, R. G., and Purandare, N. M.: Arch. Path. 36: 550, 

1943 (cerebral malaria). 

10. Pinkerton, H., and Henderson, R. G.: J. A. M. A. 116: 207, 1941 

( toxoplasmosis) . 

11. Zuelzer, W. W.: Arch. Path. 58: 1, 1944 (toxoplasmosis). 

12. Wagener, H. P.: Am. J. M, Sc. 208; 255, 1944 (toxoplasmosis). 

Worm Infections 

13. Napier, E.: Medicine 23: 149, 1944 (filariasis). 

14. Pasternack, J. G.: Arch. Path. 35: 414, 1943 (filariasis). 

15. Guy, W. H., Cohen, M., and Jacob, P. M.: Arch. Dermat. & Syph. 

47 : 763, 1943 (Loa loa). 

16. Goldman, L.: Arch. Dermat. & Syph. 50: 385, 1944 (onchocerci' 

asis). 

17. Gould, S. E.: Am. J. Clin. Path. 13; 627, 1943 (trichinosis). 

18. Wright, W. H., Kerr, K. B., and Jacobs, L.: Pub. Health Rep. 58; 

1293, 1943 (trichinosis). 

19. Reimann, H. A., Price, A. H., and Herbut, P. A.; J. A. M. A. 122: 

274, 1943 (trichinosis). 

20. Wyrens, R. G., Tillisch, J. K., and Magath, T. B.: J. A. M. A. 

117: 428, 1941 (trichinosis). 

21. Koppisch, E.: J. A. M. A. 121: 936, 1943, and Puerto Rico J. Pub, 

Health & Trop. Med. 16: 385, 1941 (schistosomiasis). 

22. Blum, B. B., and Lilga, H. V.; J. A. M. A. 121: 125, 1945 

(schistosomiasis) . 

23. Aree, J.: Arch. Surg. 42; 1, 1941 (echinococcus cysts). 

24. Dixon, H. B. F., and Hargreaves, W. H.: Quart. J. Med. IS: 107, 

1944 (cysticercosis). 

Oenerai Beference 

25. Ash, J. E., and Spitz, Sophie: Pathology of Tropical Diseases, 

W. B. Saunders Co., Philadelphia, 1945. 



CHAPTER IX 

CHEMICAL POISONS 

Poisons are chemical agents which injure tissues by their 
reaction with them. With many poisons, the effects depend 
on the quantitative factor of dosage, and many substances 
which are innocuous or even necessary to the body in small 
doses, are harmful when concentrated or in large quantities. 
While poisoning is an ever popular method of suicide and 
homicide, many chronic poisonings are the result of indus- 
trial hazards (e.g., lead poisoning and silicosis) and as such 
form an important group of diseases. Some bacterial toxins 
are very powerful poisons (e.g., tetanus and botulinus 
toxins). Other types of organic poisons are those of snake- 
bite and mushroom poisoning. 

When poisoning is suspected at an autopsy, the stomach 
and its content, portions of small and large intestine, and 
part of the liver and kidneys should be preserved in chemi- 
cally clean, wide-mouthed, glass bottles with glass tops. 
These should be sealed by wax with some special imprint or 
seal and submitted to a toxicologist. 

Corrosive Poisons. — The chief effect of corrosive strong 
acids and alkalies is local destruction of tissues. Sulfuric, 
nitric, and hydrochloric acids produce rapid destructive 
effects on mucous membranes when ingested. Similar effects 
may be produced by contact with the skin. Corrosive ac- 
tion is often evident on the mucosa of the lips, mouth, and 
pharynx as well as esophagus and stomach. The lesions are 
reddish brown or black from sulfuric acid, grayish white 
from hydrochloric acid, and yellowish brown from nitric 
acid. In the stomach and intestine the crests of mucosal 
folds are most severely affected. With sulfuric acid the 
stomach may be intensely red or have a black tarry appear- 
ance (carbonization). The stomach wall feels hardened, 
rough, and dry. With nitric acid there is no hardening, but 
extensive ulceration and sloughing of the mucosa occur. 
With hydrochloric acid the tissue is reddened or blackened 
and shrivelled. The strong acids acting on blood form acid 
hematin, with widespread brownish -black discoloration. 

Ingestion of a corrosive alkali, such as lye, produces soften- 
ing, swelling, and often ulceration of the mouth, esophagus, 
and stomach. The stomach feels soapy. If the poisoning is 
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not fatal, healing occurs with marked fibrosis, severe stricture 
of the esophagus being a common result. 

Phenol (carbolic acid) produces fixation and partial de- 
tachment of mucosa. These areas are whitish and of leathery 
consistence. The characteristic odor of phenol aids in identi- 
fication. 

Mercury. — Corrosive sublimate (bichloride of mercury) 
has eifects which depend on dosage and length of survival 



Fig. 66. — Sidney, mercury hicliloride poisoning. Upper; Kidney 
seven days after ingestion of poison. Note destruction and desquama- 
tion of tubular epithelium. Lower; Kidney on the eleventh day. Note 
loss of tubular epithelium, flattened tubular lining, and dark calcium 
masses in tubular lumina. 
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time. In the acute cases there is corrosion of the stomach 
and duodenum, the mucosa of which appears white and 
opaque. In the colon there is an intense hemorrhagic and 
membranous inflammation. If there is survival for a few 
days or weeks, severe destruction of renal tubular epithelium 
occurs with calcium deposition in the necrotic tubules. In 
such cases death usually results from anuria. Schenken 
and Hansmann have pointed out that mercury poisoning 
may result in a primary severe vascular injury in limited 
portions of the intestinal tract.^ 

Cyanides. — ^Hydrocyanic acid and cyanides cause very 
rapid death without leaving diagnostic morphologic changes. 
The characteristic odor of peach kernel or bitter almonds 
assists in detecting the poison. 

Alcohol. — ^Methyl alcohol (wood alcohol or methanol) 
causes poisoning by oxidation to formic acid, injuring par- 
ticularly the highly specialized tissues of the retina, brain, 
liver, and kidneys. If there is recovery from acute poison- 
ing, blindness may follow due to atrophy of optic nerves. 
Repeated ingestion of small quantities of methyl alcohol in 
denatured alcohol apparently causes no permanent injury.^ 

Alcoholism due to ethyl alcohol may be of either acute or 
chronic form. In acute alcoholism death is frequently due 
to some complication of the intoxication, such as trauma or 
suffocation, rather than the result of alcoholism itself. The 
stomach has a hyperemic mucosa, with small petechial 
hemorrhages or erosions. The brain is wet and edematous, 
the cerebrospinal fluid appearing to be in excess. Chronic 
alcoholism is associated with several pathologic changes, 
though few are specific effects of the alcohol per se. The 
gastric mucosa is involved by a mild chronic catarrhal in- 
flammation, One of the most constant findings is enlarge- 
ment and marked fatty infiltration of the fiver. Portal 
cirrhosis of the liver is present in 5 to 8 per cent of alcoholic 
addicts, and 50 to 60 per cent of patients with cirrhosis have 
a history of alcoholism.® It seems certain that chronic alco- 
holism is a factor in many eases of cirrhosis, although the 
relationship is not a direct one (see p. 388). Many alcoholics 
suffer nutritional deficiencies, a possible factor in hepatic 
changes and in another common complication, peripheral 
neuritis. Resistance to infection appears to be lowered. 

Carbon Monoxide. — Carbon monoxide poisoning is due to 
inhalation of illuminating gas, exhaust of automobiles, or 
gas from a defective stove or heater. The carbon monoxide 
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has a much greater affinity for hemoglobin than has oxygen, 
so that death is due to asphyxia. The blood and congested 
tissues have an unusually bright-red color. Fatal cases may 
show symmetric areas of softening or small hemorrhages of 
the brain, often involving lenticular nuclei or globus pallidus. 

Phosphorus. — ^Acute phosphorus poisoning causes fatty 
degeneration and necrosis in the liver, and milder fatty 
changes in heart and kidney. Chronic phosphorus poisoning 
produces necrosis of the jaws, particularly around infected 
teeth. 

Lead. — ^Acute lead poisoning is rare, but chronic lead 
poisoning (plumbism) appears commonly as an industrial 
disease where lead or compounds of lead are used. Poison- 
ing also may occur from drinking water carried in lead 
pipes, and from battery casings burned as fuel. Character- 
istics of lead poisoning are intestinal colic, weakness of ex- 
tensor muscles, secondary anemia with reticulocytes, poly- 
chromasia and basophilic stippling prominent in the blood 
smears, a blue line on the gums, and mental disturbances. 
Lead becomes deposited chiefly in bones as a lead phosphate, 
apparently by a mechanism similar to that causing calcium 
deposition. Parathyroid hormone will mobilize the lead 
from the bones. Lead can also be demonstrated in the brain, 
liver, and kidneys. 

The most constant lesions due to lead are the blue line of 
the gums, and the anemia with stippling of red cells. Other 
findings frequently present are degenerations of anterior 
horn cells, a chronic muscular atrophy and fibrosis, degen- 
eration of male gonads, and blue patches on the mucosa of 
intestine.^ 

Sulfonamide Compounds. — ^Administration of sulfonamide 
drugs is complicated in some cases by deleterious effects on 
many organs, but most serious are the injuries to the kidney 
and blood-forming tissues. All the sulfonamides have caused 
damage, but serious effects seem most frequently to follow 
the use of sulfathiazole. The sulfonamides act as mild ir- 
ritants and foreign bodies when precipitated in tissues or 
placed in serous cavities. Many of the more serious reactions 
to the sulfonamides give evidence of being of allergic nature, 
particularly the skin rashes and the effects on blood vessels, 
myocardium and hemopoietic tissues.®* 

In the urinary tract there occurs the additional complica- 
tion of obstruction due to precipitation of acetylated deriva- 
tives of the sulfonamides in the renal tubules, ureters, and 
bladder. 
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In the heart, an interstitial myocarditis in which eosino- 
philes may form a prominent feature is a common finding." 
Blood vessels may show inflammatory changes gimilar to those 
of periarteritis nodosa.* Focal necroses may develop in the 
liver, kidneys, spleen, lymph nodes, adrenals, and other or- 
gans.® In the kidneys there may be degeneration and necrosis 
of tubular lining cells, and tubular obstructions due to pre- 
cipitated material in the lumens.® Interstitial pneumonitis 
may be found in the lungs.® Acute anemia and agranulocyto- 
sis are associated with bone marrow changes. 

Fluorine. — Chronic fluoride intoxfcation occurs among 
certain cryolite workers, and in mild degree in areas where 
drinking water contains more than one part per million of 
fluorides. Such content in water is found in many parts of 
the United States, but especially in Southern and "Western 
areas. The earliest and main effect of this is a hypoplasia 
of the enamel of the teeth called mottled enamel. The per- 
manent teeth are affected during tlieir process of calcifi- 
cation, i.e., during the first 8 or 9 years of life. The fluorine 
has a direct local action on enamel-forming cells. The teeth 
show grayish Avhite blotchy or chalky areas on their surfaces, 
with some irregular pitting. It has been estimated that a 
daily intake of 0.1 to 0.15 mg. of fluorine per kg. of body 
weight is sufficient to produce mottled enamel. There is 
evidence that in geographic areas where mottled enamel is 
common the incidence of dental caries is decreased. Fluorine 
appears to have a definite action in protection of teeth 
from caries, though the mechanism of this is not established.” 
Fluorides in larger dosage cause a diffuse osteosclerosis 
of bones. Such changes have been described in cryolite 
workers.”’ ” 

Food Poisoning. — ^While poisons such as arsenic are some- 
times added to food by accident or design, food poisonmg 
usually refers to the effects of pathogenic bacteria grov/ing 
in the food, or to poisons in plant tissues such as in certain 
mushrooms. A number of infections by bacteria and worms 
may be ^read by food, but food poisonings with acute gas- 
trointestinal symptoms are mainly due to infection of the 
food with organisms of the paratyphoid “B” (Salmonella) 
group. Local superficial inflammatory lesions develop in the 
intestine. Botulism is the toxemia resulting from the in- 
gestion with food of the exotoxin of B. hotvMnus, and its 
principal effects are on the nervous system. Proper cooking 
of food will destroy the toxin. 
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Mushroom poisoning is due most commonly to Amanita 
phatloides, ingestion of which causes acute gastrointestinal 
symptoms and a high mortality (45 to 70 per cent). Fatty 
degeneration in the liver, heart, kidneys, and voluntary mus- 
cles is the most prominent autopsy finding. Some gastroen- 
teritis may be present and also degenerative changes in the 
brain, 
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CHAPTER X 

VITAMIN DEFICIENCIES 

Adequate dietary intake is necessary for maintenance of 
health. Not only is an adequate caloric content necessary, but 
certain proteins, minerals, and vitamins are essential. Slight 
deficiency may be difficult to recognize patiiologically as well 
as clinically. The problem is further complicated by the 
rarity in man of pure deficiencies, such as may be produced 
in carefully controlled experimental animals. Inadequate 
human diets often lack several essentials so that the resulting 
lesions are a mixture. 

Vitamins are organic compounds essential in the diet for 
normal growth and maintenance of life; they are active in 
the regulation of metabolism and transformation of energy 
but do not themselves furnish energy or building materi^, 
and they are effective in small amounts. Several vitamins, 
particularly thiamine, ribofiavin, and nicotinic acid are 
closely concerned with intracellular respiration, providing 
chemical groupings essential for intracellular oxidations and 
reductions. 

Vitamin A 

Vitamin A is a fat-soluble unsaturated alcohol and has as 
its precursor certain vegetable pigments known as carotenes. 
Deficiency results in night blindness, dermatosis, and xero- 
phthalmia. 

One of the diagnostic features of vitamin A deficiency is 
subnormal dark adaptation. Vitamin A is an essential con- 
stituent of retinal pigments used to register visual stimuli. 
When deficient, regeneration of visual purple is delayed, so 
that dark adaptation is poor. 

The primary effect of vitamin A deficiency is on epithelium, 
which undergoes atrophy and replacement by a keratinizing 
type of epithelium. In man the specific lesions are found in 
the eyes, conjunctiva, lining epithelium of various organs and 
ducts, and skin with its appendages. The commonest and 
earliest appearance of metaplastic squamous epithelium is in 
trachea and brondii, and next in the pelvis of the kidney. 
The eye changes are also a metaplasia of the comeal and con- 
junctival epithelium, followed by comeal infection. The skin 
is rough, scaly, and dry due to hyperkeratosis of skin and 
hair follicle epithelium, and metaplasia of sweat gland epi- 
thelium. 
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Tooth changes are characteristic in vitamin A. deficiency 
and are particularly well seen in the incisor teeth of rodents. 
The enamel organ undergoes atrophy and metaplasia. 
Enamelohlasts become replaced by squamous epithelium, 
enamel fomation is suppressed, and deformities of dentine 
result. Similar changes have been described in human in- 
fants with vitamin A deficiency. 



Kg. 69. — Hyperkeratosis of hair follicle in vitamin A deficiency. 
(From Sntton and Sutton: Diseases of the Skin, courtesy Dr. Chester 
N. Frazier.) 

Vitamin A can be demonstrated in microscopic sections by 
fluorescence microscopy.® Ultraviolet light is used, the vita- 
min A exhibiting a fading ^enish fluorescence in the dark 
fleld. By this method vitamin A has been found distributed 
in tile lipoids of the epithelial and Kupffer cdls of the liver, 
epithelial cells of adrenal cortex, tubular and Leydig cells of 
the testicle, granulosal, theca, and stromal cells of the ovary, 
fat cells, gland cells of the lactating breast, and in Mdneys 
with abnormal glomerular permeability. 

Vitamin B Complex 

Vitamin B has been found to eontaiu a number of specific 
factors. The chemical nature of most of them being known, 
they are more properly designated by their correct chemical 
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name, rather than referred to as Bj, etc. The factors in 
the B complex include thiamine hydrochloride, riboflavin, 
nicotinic acid, pantothenic acid, pyridoxine hydrochloride, 
etc. The B complex is found in yeast, whole grain cereals, 
wheat germ, rice polishings, etc. 

Thiamine Hydrochloride (Bj). — Thiamine is a water- 
soluble vitamin, deficiency of which results in beriberi. The 
main clinical features are loss of appetite, peripheral neu- 
ritis with muscle tenderness and changes in reflexes, tachy- 
cardia, cardiac failure, and edema. Thiamine is important 
in the intracellular metabolism of glucose, the pyrophosphate 
of thiamine acting as a co-enzyme (with carboxylase) in the 
breaking down of pyruvic acid. 

Beriberi. — ^Beriberi occurs in acute and chronic forms. 
The findings in chronic forms when seen at autopsy are usu- 
ally complicated by an infection. The more acute and uncom- 
plicated forms are characterized by dilatation and moderate 
hypertrophy of the right heart, generalized edema, hydro- 
thorax, hydropericardium, and congestion of viscera. Miero- 
scopic^y, the heart shows simply enlargement of the individ- 
ual muscle fibers. Microscopic nerve lesions are most fre- 
quent in nerves supplying the lower extremities; cranial and 
vagus nerves are also frequently affected. There is vacuolar 
degeneration of Schwann cells, followed by fragmentation of 
axis cylinders and myelin shealii degeneration. 

Riboflavin (Bg or G). — ^Deficiency of riboflavin (aribo- 
flavinosis) is said to produce in man a lesion called '^cheilo- 
sis,” characterized by superficial cracks or fissures at the 
angles of the mouth. A nasolabial seborrheic skin lesion, 
glossitis, and circumcorneal congestion also may be present. 
Riboflavin appears to be important in tissue respiration, for 
combined with phosphoric acid it unites with specific proteins 
to form enzymes which act as dehydrogenases. 

Pantothenic Add and Pyridoxine Hydrochloride. — The 
role of these factors of the B complex in human pathology 
is still uncertain. 

Nicotinic Add (P-P). — Considerable evidence indicates 
that deficiency of nicotinic acid is an important factor in 
pellagra, although probably in most cases multiple deficien- 
cies are present. The exact cause of pellagra is unknown 
and etiologic views are still divergent.® Nicotinic acid is an- 
essential component of pyridine-protein intracellular enzyme 
systems, important in carbohydrate 'metabolism. 

Pellagra. — ^Pellagra is characterized by brown, scaly, 
patchy skin eruptions, and by soreness of the mouth, redness 
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of the tongue, indigestion, diarrhea, and nervous disturbances. 
The skin lesions tend to appear particularly in areas exposed 
to sunlight. 

Pathologic changes are found in the skin, gastrointestinal 
tract, and nervous intern. The skin lesions begin with edema 
of papillae, dilatation of papillary blood vessels, and degen- 
eration of connwtive tissue of the superficial part of the 
corium. This is followed by epidermal hyperplasia and 
hyperkeratosis with increase in pigment. The lesions are 
similar to sunburn or x-ray dermatitis. In late stages the 
epidermis is thin and atrophic and the corium fibrosed. The 
oral mucosa may be affected in a similar fashion. 

The intestinal lesions are more characteristic. The colon is 
thick-walled, reddish, and may have a patchy pseudomem- 
branous change in the mucosa. The mucosa may be infiltrated 
by chronic inflammatory cells, but most pathognomonic is a 
cystic dilatation of the crypts of Lieberkuhn. 

The nervous lesions appear late and are more prominent in 
the central nervous system than in peripheral nerves. Patchy 
degeneration may be present in the cerebrum, and in the 
spinal cord irregular patches of myelin degeneration most 
commonly involve posterior columns. 

Ascorbic Add (Vitamin C) 

Ascorbic acid is a water-soluble vitamin, deficiency of 
which leads to scurvy. This vitamin is essential for the pro- 
duction and maintenance of intercellular substances of mes- 
enchymal ori^n, i.e., collagen of fibrous tissue, the matrices 
of bone, dentine and cartilage, and the intercellular cement 
substance of vascular endothelium.* Mesenchymal tissues 
(fibroblasts, osteoblasts, etc.) grow in the absence of vitamin 
C, but they cannot produce intercellular substance. Hemor- 
rhages and changes in bones are the prominent features of 
scurvy. In C-deficient animals, fractured bones cannot be 
restored to functional integrity. The broken ends ^e united 
by fibroblasts, but neither collagen nor osseomucin is pro- 
duced. There is little evidence that excess of vitamin C 
promotes healing of wounds or fractures,® but deficiency of 
vitamin C appears to have serious dfects and prevents 
formation of scars of normal strength.® 

Ascorbic acid has been found in large amounts in the ad- 
renal gland, particularly the cortex. It is also preset in 
the lens and humors of the eye, the corpus luteum, pituitary, 
and small intestine. Excretion of excess in the urine may 
be quantitatively determined by the dichlorphenol indo- 
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phenol indicator. The ascorbic acid content of the white cell- 
platelet layer of centrifuged blood is the most significant 
indicator of the vitamin C status of the body. Scurvy does 
not occur until this is entirely depleted.^ 

Scurvy. — ^Human scurvy is more common in children (Bar- 
low’s disease) than in adults. The essential features are 
hemorrhages, changes in bones and teeth, and anemia. 

The hemorrhages may be in any organ or tissue and vary 
from small petechiae to massive hematomas. Any injury 
or trauma to a tissue predisposes to hemorrhage, which is 
due to changes in the intercellular substance between capil- 
lary endothelial cells. Petechial hemorrhages in the skin 
are most prominent clinically. In infants, very painful sub- 
periosteal hemorrhage is common. 



Fig. 70. — Scurvy, showing gingival swelling and petechiae. (From 
Mead, S. V.: Diseases of 5ie Mouth, The C. V. Mosby Co.) 

The skeletal lesions are most prominent at the costo- 
chondral junctions, the ends of the femurs and tibias, and 
at the wrists. Grossly there is a curved, yellowish, widened 
zone at the junction of the diaphysis and cartilage. Micro- 
scopically, this zone shows evidence of disordered growth 
and interruption of the process of ossification. Fragile con- 
nective tissue fibers are formed, a watery zone appears about 
the osteoblasts, and osteoid tissue is defective. Elsewhere in 
the bones also new bone formation is lacking, whereas bone 
resorption goes on at a normal rate. The result is rarefac- 
tion of bone, similar to that which occurs in senility. 
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Lesions in the teeth may occur before skeletal lesions are 
prominent. The gums become swollen and bleed easily. The 
teeth tend to loosen, and may even fall out, due to rarefac- 
tion of alveolar bone. Degenerative and atrophic changes 
develop also in the substance of the teeth themselves. 

Vitamin D 

Vitamin D (calciferol, D^, and 7-dehydro-cholesterol, D,) 
is a fat-soluble vitamin which is not oiily available in food, 
but may be formed from ergosterol in the skin by ultraviolet 
irradiation. It is important in calcium and phosphorus 
metabolism, the part which it plays being to increase cal- 
cium absorption from the intestine or to increase phosphorus 
retention and in turn calcium retention. Thus for action of 
this vitamin, adequate mineral intake is essential. 

Rickets. — ^Deficiency of vitamin D leads to rickets in ^ow- 
ing individuals. In adults the corresponding condition is 
osteomalacia. Rickets is most common in infancy, but an 
adolescent form also occurs. Adequate mineral intake and 
solar radiation, as well as dietary vitamin D, are important 
in the prevention of rickets. 

Rickets is fundamentally a deficient calcification of osteoid 
tissue and abnormal cartilage involution in growing bones. 
Bnchondral bone growth is disturbed. The excess of un- 
calcified osteoid tissue results in unusual softness of the 
bones, which become bent and deformed near the joints. 
Such deformities are common about the knees (bowlegs), 
costochondral junctions (rachitic rosary), and thorax 
(pigeon breast). The most si^ificant gross changes are 
seen on the cut surface of an epiphyseal region. The tissue 
is softened, and the normally sharp narrow line of ossifica- 
tion is replaced by a wide irregular zone of soft gray tissue. 
Histologically, the area shows great disorder of growth with 
excess osteoid tissue and failure of its calcification. In all 
parts of the bones there is an excess formation of bone ma- 
trix, which remains uncalcified or eventually is poorly calci- 
fied. The bone marrow becomes fibrous. 

Teeth suifer from the same lack of calcification as in 
bones, the lesions being in the permanent dentition. There 
may result dimpling of the enamel, furrows, and other types 
of defects. 

Hypervitaxninosis D. — ^Vitamin D is the only vitamin with 
which overdosage is known to result in deleterious effecta 
A very large intake is necessary in man before damage is 
caused. In experimental animals the main effects are skele- 
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tal osteoporosis, due to osteoclastic resorption, and calcium 
deposition in soft tissues, particularly in arteries and in the 
Mdney.® 

Vitamin E (Alpha-Tocopherol) 

Little is known about the pathology of vitamin E de- 
ficiency in man. In experimental animals, B deficiency leads 
to degenerative and atrophic changes in the testes and also 
severe degenerative changes in skeletal muscles, accompanied 
by marked cellular infiltrations. 

Vitamin K 

Vitamin K is necessary for the formation of prothrombin, 
an essential in the clotting mechanism. Absorption of vita- 
min K from the intestine is favored by the presence of bile 
salts. Lack of K causes a hemorrhagic tendency, as noted 
in obstructive jaundice, and in the hemorrhages of newborn 
infants; 

Biotin 

Biotin (vitamin H), a recently isolated member of the 
vitamin B complex, is a co-en2yme of respiratory nietabo- 
lism essential to the growth of some bacteria and yeast. 
Biotin may be synthesized in man by intestinal bacteria. A 
protein in egg white (avidin) combines with biotin and 
renders it nonabsorbable. Biotin may have some procarcino- 
genic action, as it increases the incidence of cancer of the 
liver in rats due to butter yellow^’ (dimethyl-amino-azo- 
benzene). Biotin is not known to have any role in human 
pathology. 
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CHAPTER XI 

DISTURBANCES OF Q-ROWTH 

The process of growth of cells, tissues, organs, and of the 
body as a whole presents unsolved problems of great com- 
plexity. The disturbances in growth of the body as a whole, 
i.e., dwarfism, giantism, etc., are hormonal, metabolic, or con- 
genital developmental disturbances and are considered else- 
where (p. 646). Repair of tissue following injury and re- 
placement of tissue lost through normal wear and tear are 
processes which proceed continuously. The cells and tissues 
which are least highly organized and differentiated in func- 
tion and structure (e.g., connective tissues) are most easily 
replaced. Highly organized structures, such as renal glo- 
meruli or ganglion cells of the central nervous system, are ir- 
replaceable. Between these extremes are all gradations in 
capacity for regeneration, repair, and response by growth 
to normal or abnormal stimuli. 

Hypertrophy is an increase in size of an organ or a cell. 
Hyperplasia is an increase in number of cells. Enlargement 
of an organ may be by increase in size or in number of its 
component cells or structures. Enlargement of the heart is 
practically always brought about by increase in size of the 
muscle fibers, which do not become more numerous. En- 
largement of a kidney may be accomplished by increase in 
size of the component nephrons (glomeruli and their tubules), 
but their number cannot be increased. On the other hand, 
organs such as the liver, endocrine glands, and lymphoid tis- 
sues have little power to increase the size of their cells, but 
they enlarge by the process of hyrperplasia. 

H^ertrophy of cells and organs occurs in a variety of 
ph^iologic and pathologic conditions. Examples of physio- 
logic hypertrophy are the enlargement of voluntary muscles 
by exercise, or of the uterus during pregnancy. Compensa- 
tory hypertrophy is the enlargement of the residue of an 
organ or tissue when a portion is removed or destroyed ,* e.g., 
if one 'kidney is removed, the remaining kidney, if normal, 
enlarges due to increase in size of the individual nephrons 
(renal counterbalance). The necessity for increased function 
appears to be the basis of enlargement of an organ, and the 
term ‘Vork hypertrophy’’ is frequently justMable. The 
heart undergoes hypertrophy when greater work is thrown 
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on it by increased peripheral resistance (hypertension) or by 
abnormality of valvular function. The final details of the 
mechanism by which hypertrophy is accomplished are not 
known, but a sufficient blood supply appears to be a neces- 
sity, In the case of the hypertrophy and hyperplasia of the 
breasts during menstrual cycles and in pregnancy, endocrinal 
stimulation by hormones from the ovary appears to be the 
controlling mechanism. 

Metaplasia is a change from one type of cell to another. 
It may be the result of chronic inflammation or irritation, 
impairment of nutrition and function, or demand for altered 
function. A common example is a change from columnar or 
secretory epithelium to a flattened or squamous type. This 
change may be observed in bronchial mucosa, gall bladder 
or endocervix as a result of chronic inflammation. Vitamin 
A deficiency produces a similar metaplasia (see p. 189). 
Metaplasia also is common in cells of connective tissue type, 
with the appearance of cartilage or bone in xmusual situa- 
tions such as scars, arteriosclerotic blood vessels, injured and 
sightless eyes, or in degenerated areas of a goiter. 

Anaplasia is a reversion or transformation of cells into a 
more primitive, embryonic, or undifferentiated type. Such 
cells have a greater faculty for growth and multiplication 
but less capacity for specialized function. Anaplasia is an 
important feature of tumor growth, and in general its de- 
gree parallels that of the malignancy of the neoplasm. 

TUMORS 

A tumor or neoplasm is an overgro^vth of cells which are 
independent of normal growth controls, seine no useful pur- 
pose, and are often injurious to normal tissues. It is thus 
to be distinguished from regenerative, reparative, and in- 
flammatory processes. Tumors are composed of cells and 
intercellular substances such as may be found in embryonic 
or mature tissues. Growth activity predominates over func- 
tion, though the latter is not necessarily lacking. In certain 
tumors, such as those from endocrine glands, functional ac- 
tivity may be an important feature. Tumors act as parasites, 
absorbing nourishment from the blood, growing with en- 
hanced vitality at the expense of normal tissues, and yet 
performing no useful work for the body. 

Benign tumors are those which grow slowly and expan- 
sively, and unless they are in some vital spot or interfere 
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with an important organ, they are well tolerated, do not 
necessarily interfere with the individual’s well-being or 
shorten his life. They are composed of well-differentiated 
mature types of tissue. 

Malignant tumors are more rapidly growing, will infiltrate 
and extend into normal structures, and urdess effectively 
treated always interfere with health and eventually cause 
death. They are usually composed of more embryonic or 
poorly differentiated cells. 

Classification of Tumors 

Neoplasms are classified according to structure and origin, 
as etiology is too uncertain to form a satisfactory basis. No 
grouping seems entirely satisfactory, but the simplest and 
most common classification divides tumors into the follow- 
ing varieties: 

1. Tumors of mesenchymal origin 

a. Benign 

b. Malignant — sarcoma 

2. Tumors of epithelial origin 

a. Benign 

b. Malignant — carcinoma 

3. Mixed tumors and teratomas 

a. Benign 

b. Malignant 

In the first class (tumors of me.senehymal origin) are in- 
cluded not only fibroblastic tumors but also those of carti- 
lage, bone, fat, blood vessels, lymphatic tissue, mesothelium, 
muscle, and blood forming tissues. The mixed tumors are 
those arising from multipotential cells and containing more 
than one type of tissue. Teratomas arise from totipotential 
cells, contain representatives of all three germ layers, and 
show attempts at organ formation. 

The tumors of particular organs are considered with the 
other lesions of those organs, where details of classification 
and structure are presented. 

ChaiUrCterislics of Benign Tumors.— Benign tumors do not 
endanger life unless they are so situated as to interfere with 
some vital organ or function. They grow slowly, and after 
reaching a certain size may remain stationary. Their growth 
is expansive; they push aside normal tissues but do not 
invade, and hence they appear as circumscribed, well-demar- 
cated, and even encapsulated growths. They do not metas- 
tasize; i.e., secondary tumors are not formed in other organs. 
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Necrosis and ulceration are less frequent than in malignant 
tumors. Local removal is usually successful and not fol- 
lowed by recurrence. Histologically, they are composed of a 
well-differentiated, mature t^e of tissue, closely imitating 
the normal tissue of their origin. Rarity of mitoses reflects 
their slow growth. No sharp line separates benign and 
malignant tumors, and differences are often a matter of de- 
gree. Borderline cases are quite common and often difficult 
to classify. 

Characteristics of Malignant Tumors. — ^Malignant tumors 
are those whose unhindered progression invariably leads to 
death of the individual. They grow rapidly, infiltrating and 
invading surrounding tissues, so that they are unencapsu- 
lated and poorly demarcated. Metastases develop in distant 
organs. Local removal of a malignant tumor, unless abso- 
lutely complete, is followed by recurrence at the same site. 
They are more prone to degeneration and ulceration than 
are benign tumors. They may produce cachexia and anemia.. 
Histologically, they are composed of embryonic, primitive^ 
or poorly differentiated cells. There tends to be polymor- 
phism, and unsuccessful imitation of their tissue of origin. 
Relative frequency of mitosis reflects their rapid growth, 
and abnormal forms of mitotic nuclei may be present. 

The studies of Warburg on the metabolism of tumor cells 
indicated that they have increased glycolytic powers; he., 
they break down glucose to form lactic acid even in the 
presence of oxygen, whereas normal cells under similar cir- 
cumstances form carbon dioxide and water. 

It has been noted that malignant cells have nuclei and 
nucleoli of larger average size than in corresponding non- 
malignant cells. Cowdry® has listed the characters of 
malignant cells as follows : 

1. A lack of polarity; 

2. A wide variation of nuclear and cytoplasmic structure ; 

3. A decrease in structural differentiation and specific 
functional activity; 

4. A lesser dependence on oxygen supply ; 

5. A decrease in organismal control over eeU division and 
an increase in autonomy, or self-regulation of cell 
division ; 

6. An increase in transplantability within the same species; 

7. An increase in invasiveness and ability to outlive cdls of 
invaded tissue. 

Estimation of Malignancy and Prognosis.— The factors 
which must be considered in estimating the result of a malig- 
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nancy include (1) the type of tumor, (2) its situation, (3) 
the duration, size, spread, and presence or absence of metas- 
tasis, (4) the age and condition of the patient, (5) the rate 
of clinical growth, (6) the histologic structure, and (7) 
radiosensitivity of the tumor. 

The type of tumor is important, since cancers vary in 
their malignancy and course. Certain tumors, such as the 
basal-cell carcinoma of the skin, grow slowly and rarely 
metastasize. At the other extreme are tumors of rapid 
growth and early extension, such as myeloma of bone and 
lymphosarcoma. 

Situation of a tumor influences the outcome because it 
may interfere with vital structures, or be such as to make 
operative removal impossible, e.g., in the case of gliomatous 
tumors of the brain, or carcinoma of the esophagus. 

Duration of the tumor influences prognosis, as it allowt 
time for spread. Thus, a tumor which is easily curable in 
an early stage, may be hopeless later. Extensive local spread 
or metastasis in other organs suggests an earlier and more 
inevitable end. On the other hand, long duration of a tumor 
^vith but slight increase in size and no metastasis suggests 
slow growth, low malignancy, and a relatively favorable out- 
come. 

Age is of some importance in that certain tumors seem to 
progress more rapidly in younger individuals. Pregnancy 
and lactation cause more rapid growth in cancer of the 
breast. 

Radiosensitivity of a tumor is often important in deter- 
mining how long life may be prolonged, or if cure is possible. 

Histologic structure is of importance in indicating the 
type of tumor, rapidity of growth, and degree of anaplasia 
or differentiation. Systems of histologic grading have been 
evolved. 

Microscopic Grading of Cancer. — ^Many factors influence 
degree- of malignancy other than histologic structure. But 
among tumors of the same type and arising at the same site, 
there are variations in malignancy which can be correlated 
roughly with the degree of anaplasia or undifferentiation. 
Such microscopic grading of the malignancy of a tumor, 
when put on a numerical and standardized basis, is useful in 
predicting the course of the disease when used in conjunc- 
tion with the other factors noted above, such as size, degree 
of extenrion, etc. It may also be helpful in determining 
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the type of treatment likely to give the best results. In gen- 
eral, the greater the anaplasia of a tumor (i.e., the higher 
the microscopic grade of malignancy), the greater is the 
radiosensitivity. 

Broders® originated and popularized a method of grading 
according to which tumors are divided into four grades of 
malignancy, as follows : 

Grade I — tumors showing a marked tendency to differen- 
tiation, with three-fourths or more of their cells dif- 
ferentiated : 

Grade IT — three-fourths to one-half of the cells differen- 
tiated ; 

Grade m — one-half to one-fourth of the cells differen- 
tiated ; and 

Grade IV — one-fourth to none of the cells differentiated. 

While this system of grading is generally useful, it is often 
extended and modified in the ease of tumors of certain or- 
gans, e.g., cervix uteri or rectum. The various modifications 
are noted later as these tumors are considered. 

The Effects of Irradiation on Tumors. — The effects of 
x-rays and radium on tissues are similar. Only the gamma 
rays are used in therapeutic work. The alpha and beta rays, 
which are more destructive but less penetrating, are ex- 
cluded by screening. All tissues, normal and neoplastic, are 
affected by irradiation, so that radiosensitivity is a relative 
term. Cells which are actively proliferating or which are 
of primitive type are more sensitive than normal tissues, so 
that there is usually a considerable margin between doses 
which are damaging to neoplastic and to normal tissue. 

The effects of gamma rays on growing cells vary with the 
intensity and duration of exposure, and consist of (a) de- 
struction of some cells, (b) inhibition of imminent mitosis, 
followed by abnormal mitosis and disruption of the cells, 
and (c) damage to resting cells so that continued prolifera- 
tion fails. Cells in a premitotic phase are believed to be 
particularly susceptible, though this has been questioned. 

Irradiation also may have effects which are not directly 
on the cells. Action on blood vessels supplying tumor tissue 
may be of importance. Aji early effect of irradiation is ex- 
treme hyperemia due to distention of capillaries, and this 
may be followed by thrombosis or rupture. Larger blood 
vessels may be completely obliterated. The effect on the 
tumor bed has been stressed by Cramer^ as contributing to 
the effects of irradiation on tumor tissue. 
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Radiosensitivity of Tumors. — Since all tumors can be af- 
fected by irradiation, the terms radiosensitivity and radio- 
resistance are but relative. Radiosensitivity does not neces- 
sarily imply curability by irradiation. Some highly radio- 
sensitive tumors, such as lymphosarcoma, are rarely curable 
by irradiation. Other tumors which are radioresistant may 
be curable. Easy accessibility and tolerance of surrounding 
structures are important factors in curability. Irradiation 
may be valuable in relief of pain, e.g., in skeletal metastasis 
from carcinoma of the breast, even though not curative.® 
Radiosensitivity varies with the reproductive activity of 
the tissue (Law of Bergonie and Tribondeau) and increases 
with increasing anaplasia and embryonal quality of tumor 
cells. The tumor bed is also important; a bed of slight vas- 
cularity or of fat, bone, or cartilage is unfavorable. Tumor 
recurrences tend to be more resistant than was the original 
tumor. The presence of infection in the tissue appears to 
decrease sensitivity. 

Warren® has divided tumors into three groups according 
to their radiosensitivity: 

I. Radiosensitive tumors — ^those which regress or clin- 
ically disappear with a dose of 2,500 r. (roentgen 
units) or less, usually without appreciable damage to 
adjacent normal tissue. In this group are lympho- 
epithelioma, lymphomatous tumors, Ewing’s tumor of 
bone, and chronic leucemia. 

II. Radioresponsive tumors — ^those which require 2,500 to 
5,000 r. for similar regression. Adjacent normal tis- 
sue shows definite reaction to this dosage, but with- 
out permanent injury. Examples of this group are 
basal-cell carcinoma of the skin, carcinoma of the 
cervix, and adenocarcinoma of the thyroid, 
m. Radioresistant tumors — ^those which require over 5,000 
r. for response. Damage to normal tissue may equal 
or exceed that done to the tumor. Malignant mela- 
noma, neurogenic sarcoma, and osteogenic sarcoma 
are radioresistant. 

Spread and Metastasis of Tumors. — ^Malignant tumors 
spread by direct invasive growth into surrounding tissues, 
and by the formation of secondary tumors not connected 
with the original neoplasm. This latter process, which is 
called metastasis, is due to extension by lymphatics, by the 
blood stream, and by implantation. 
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Lymphatic metastasis is the common method of spread of 
carcinoma. Tumor cells grow into lymphatic channels, are 
broken off and carried as emboli to a lymph node. Here the 
tumor cells lodge and can often be seen in the subcapsular 
space or peripheral sinus. Thus a secondary tumor is started, 
which may eventually overwhelm the node, break through 
the capsule, and spread locally as well as onward in the 
lymphatic system. 

Sampson Handley pointed out that there also may be 
lymphatic spread by permeation, i.e., by direct and con- 
tinuous growth along a lymphatic channel. This was em- 
phasized particularly in the spread of cancer of the breast. 
While lymphatic permeation probably occurs, lymphatic em- 
bolism appears to be more common. 

Metastasis by the blood stream is the common method of 
spread of sarcoma, but many carcinomas spread in this 
fashion as well. Tumor cells penetrate the thin wall of a 
vein, are broken pf£. and carried away as emboli. Tumor 
emboli that enter branches of the portal vein lodge in the 
liver, and that organ is the common site for metastasis from 
tumors of the intestinal tract. Tumor emboli from systemic 
veins tend to lodge in the lung. Undoubtedly some tumor 
cells reach the arterial circulation directly or by passage 
through pulmonary capillaries. 

Metastasis by implantation occurs when tumor cells in- 
volving a serous or mucous membrane become detached and 
later implanted on other areas. Carcinoma of the ovary com- 
monly spreads throughout the peritoneal cavity in this fash- 
ion. When cancer involves a serosal surface, considerable fluid 
is usually present in the cavity and often is of a hemorrhagic 
character. Tumor cells may be demonstrable in such fluids 
by centrifuging and making paraffin sections of the cellular 
material thus thrown down. 

Metastatic tumors are uncommon in certain tissues, such 
as voluntary muscle, heart, and spleen. Blood-borne metas- 
tasis involves mainly liver, lung, and bone. Metastatic tu- 
mors of brain are most commonly from the lung, breast, 
stomach, prostate, and adrenal. Those tumors which me- 
tastasize to bone with particular frequency are hyper- 
nephroma of the kidney and carcinomas of the prostate, 
lung, ovary, breast, testis, and thyroid. 

Cachexia. — ^Wasting of marked degree and severe anemia 
are common in late stages of malignant disease, but are far 
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jErom an invariable occurrence. Cachexia is often influenced 
by starvation in the case of tumor in the alimentary tract, 
and by infection. There is no evidence of a specific toxin 
or poison from cancer tissue. 

Causes of Death in MaJj^fnant Diseases. — The immediate 
cause of death in cancer is most commonly a pulmona^ 
disorder, such as pneumonia, embolism, abscess, atelectasis, 
etc. Cachexia appears to be the most frequent single cause 
and is particularly common with cancer of the breast, stom- 
ach, and colon. Renal failure is common with carcinoma of 
the cervix, bladder, and prostate.® Tumors of the alimen- 
tary tract may cause death by obstruction. Intracranial 
tumors cause death by pressure effects within the rigid cas- 
ing of the nervous system. 

The Experimental Study of Tumors 

The chief advances of experimental cancer research hinge 
on three discoveries; (1) that certain tumors are transplan- 
table from animal to animal within a given species, (2) that 
malignant tumors can be initiated by the use of chemical 



rig. 72 . — Sarcomatous tumor induced by methyl cholanthiene. 


“carcinogenic’' agents, and (3) that certain tumors, e.g., 
the chicken sarcoma of liuus, can be transferred by means 
of a cell-free filtrate or extract and are apparently of viral 
etiology. Further facts have been gleaned by observation 
of tumors grown in tissue culture, and breeding experiments 
with animals have thrown light upon hereditary and other 
factors in tumor incidence. 
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The transplantability of tumors in mice and rats was dis- 
covered early in this century by Loeb and Jensen. Trans- 
plantability varies greatly in difiEerent tumors and is usually 
successful only with animals of the same species. Only the 
intact tumor cells grow, and in the new host the tumor cells 
are direct descendents of the original malignant cells; i.e., 
no new tumor is formed and the process is comparable to 
metastasis. 



Fig. 73. — Rous sarcoma. 

The production of cancer by chemical irritation or stimu- 
lation was achieved by Yamagiwa and Itchikawa, who 
found that repeated painting of the skin of rabbits with tar 
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resulted in carcinoma. Previous knowledge of occupational 
cancers suggested that such a result might be expected. 
ParafSn or tarworkers and chimney sweeps were known to 
be peculiarly subject to the development of squamous-cell 
carcinoma of the skin. Isolation of the chemicals in tar 
responsible for the carcinogenic action was the work of 
Kennaway and his associates.^® The potent carcinogens 
were found to be polycyclic hydrocarbons, among the most 
powerful of which are 1:2:5:6 dibenzanthracene, methyl 
cholanthrene, and 3 :4 benzpyrene. These compounds have 
a chemical relationship to certain naturally occurring sub- 
stances, such as deoxycholie acid, estrogen, and sterols. There 
is some evidence that endogenous cancer-producing agents 
may exist. Carcinogenic extracts have been obtained from 
human tumors, but the nature of the agents is as yet un- 
known.^^ 

Ecus discovered a sarcoma, the causative agent of which 
could be transmitted to chickens by means of a cell-free and 
bacteria-free filtrate. It is well established that the Rous 
sarcoma and other similarly transmissible tumors of fowl are 
of viral origin. Other tumors of fowl, and a mammalian 
tumor, a papiUoma of the skin of rabbits discovered by Shope, 
are of viral origin, but there appears to be no direct evidence 
that viruses are etiologic agents in human tumors. 

Heredity as a factor in cancer has been suspected from 
the high incidence in certain families. In certain types of 
tumors, such as neuroblastoma of the retina and multiple 
polyposis of the colon, inheritance appears to be of impor- 
tance. Breeding experiments with mice, in which strains 
were produced having a very high incidence of cancer of 
the breast, pointed in the same direction. However, extra- 
chromosomal factor also are at work here, for the incidence 
is influenced by estrogenic hormones and by a ''milk factor,’^ 
i.e., a substance in the mother's milk which has many prop- 
erties of a virus and influences the development of breast 
cancer. 


The Causation of Cancer 

Ewing has stated that cancer should be regarded, not as 
a single disease, but as a group of diseases in which there 
may be etiologic multiplicity. Cramer^® has emphasized that 
the etiology of cancer has to be considered as a separate 
problem for each organ. Many causative factors are known, 
but a single ultimate cause of all forms of cancer has so far 
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eluded discovery. Probably cancer should be regarded as a 
form of tissue reaction to a variety of stimulating injuries. 

Cohnheim developed a classical theory of etiology of tu- 
mors based upon “rests’* of fetal cells. According to this 
theory, misplaced or superfluous embryonic cells failed to 
proceed to full development, remained dormant for a period, 
and then with recommencement of growth resulted in a 
tumor. The theory was extended by Eibbert who suggested 
that the misplacement of the cells put them beyond the nor- 
mal controls of growth, thus allowing their lawless prolifera- 
tion. These theories seem applicable to certain tumors, such 
as the embryoma or mixed tumors of the kidney (Wilms’), 
but their general applicability is doubtful. Displacement of 
tissue will not in itself result in a tumor. 

Parasites as a cause of certain tumors in animals appear 
to act by causing chronic irritation. There is little evidence 
that parasites or bacteria are important in human cancer. 
An exception to this is that Schistosoma haematobium, a 
parasite common in Egypt, produces chronic irritation in the 
urinary tract and a high incidence of cancer of the bladder. 

Viruses are established as a cause of some neoplasms in 
animals, but evidence that they are a factor in human cancer 
is incomplete. 

Trauma or mechanical injury often seems to have some 
relationship to development of tumors, especially in testis, 
bone, or in breast. However, it has not been unquestion- 
ably established that it is a factor of frequent or direct 
importance. 

Heredity has been mentioned as a noteworthy influence 
in certain types of cancer. In most cases it is probably only 
a predisposition, or background of susceptibility, on which 
other causes must be superimposed. Experimentally, hered- 
ity has been shown to be important in influencing the type 
and site of malignancy, and the age at which it occurs.^® 

Mesenchymal Tumors 

The benign mesenchymal tumors are named according to 
the type of tissue from which they arise, e.g., fibroma, from 
fibrous connective tissue, lipoma from fat, myoma from mus- 
cle, etc. The mali^ant connective tissue tumors, or sar- 
comas, may be undifferentiated, or may be so well differ- 
entiated that their tissue of origin is recognizable, e.g., fibro- 
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sarcoma, liposarcoma, etc. The following forms of connec- 
tive tissue tumors are listed for purposes of description: 


ORIGIN OR TYPE OP CELL 

fibrous connective tissue 
peripheral nerve sheaths 
fatty tissue 
myxomatous tissue 
(as in umbilical cord) 
cartilage 
bone 
muscle 
smooth 
striated 
notochord 
lymphocytic tissue 
serous linings 
blood or lymph vessels 
neuroglia 


BENIGN FORM 

fibroma 

neurofibroma 

Hpoma 

myxoma 

chondroma 

osteoma 

myoma 

leiomyoma 

rhabdomyoma 

chordoma 

lymphoma 

angioma 

glioma 


MALIGNANT FORM 

fibrosarcoma 
neurogenic sarcoma 
liposarcoma 
myxosarcoma 

chondrosarcoma 
osteogenic sarcoma 
myosarcoma 
leiomyosarcoma 
rhabdomyosarcoma 

lymphosarcoma 
mesothelial sarcoma 
angiosarcoma 
gliosarcoma 


Undifferentiated sarcoma 
— small round -cell sarcoma 
— ^large round-cell sarcoma 
— ^mixed-cell sarcoma 


Fibroma. — Fibromas are derived from and composed of 
fibrous connective tissue and are of wide distribution. Most 
commonly they are found in connection with skin, subcuta- 
neous tissue, fascia, or tendons, -but also in certain organs, 
such as the ovary, kidney, breast, and intestine. With slow 
and expansive growth, they tend to encapsulation. Micro- 
scopically, they are composed of interlacing bundles and 
fibers of collagenous connective tissue. 

Desmoid is a fibroma arising in musculo-aponeurotic struc- 
tures, particularly frequent in the lower anterior abdominal 
wall. Trauma seems to be a predisposing factor, and most 
cases have occurred in women who have borne children. 
There may be local infiltration of muscle, but sarcomatous 
transformation and metastases do not develop.^* 

Keloid is an excessive formation of a fibrous scar resulting 
in a tumor-like mass resembling a fibroma. Certain indi- 
viduals, particularly among the Ne^o race, are prone to 
this excessive fibrosis following injuries of the skin. Micro- 
scopically, the keloid consists of dense bundles of collagen- 
ous and hyalinized connective tissue (see Fig. 298, p. 637). 

Fibrosarcoma. — ^Fibrosarcoma is a malignant tumor tend- 
ing to diflEerentiate in the direction of fibrous connective 
tissue. It occurs at any age, but the highest incidence is in 
the fifth and sixth decades. The most common site of origin 
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is in the extremities, particularly the lower, but the origin 
may be from connective tissue in any region. Fibrosarcoma 
appears as a rounded, lobulated tumor, often appearing cir- 
cumscribed or encapsulated, and hard and fibrous, or soft 
and friable, depending on the amount of fibrous tissue which 
has been foimed. Areas of degeneration, necrosis, myxom- 
atous change or cyst formation may be present. Simple 



!Pig. 74. — ^Multiple neurofibromatosis (molluscum fibrosum). (Prom 
Sutton and Sutton: Diseases of the Skin, courtesy Dr. Emil Theil- 
man.) 


excision is often followed by recurrence. Following re- 
peated recurrences, death may result from visceral metas- 
tasis, or from infection and hemorrhage of the ulcerating 
tumor. The malignancy tends to be proportional to the 
number of mitotic nuclei and tumor giant cells, and to the 
scarcity of collagen fibers.^®' 

Neurofibroma. — ^Neurofibromas (neurinoma, neurilemmo- 
ma) are connective tissue tumors arising from the sheaths 
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Fig. 75.— Polymorphic fibrosarcoma. Note the tumor giant cells, and 
the hyperchromatism. Low, medium, and high magnification. 
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of cranial or peripheral nerves. Of the cranial nerves, the 
eighth is most commonly involved, the tumor being found 
in the cerebellopontine angle (acoustic neurinoma) . The ex- 
act origin of the peripheral nerve sheath tumors, e.g., from 
the sheath of Schwann, endoneurium, neurilemma, etc., has 
been a subject of discussion in recent years, and the termi- 
nology used has varied depending on the favored theory. 
Discussions of these problems are found in the papers of 
Poot,^® and Bailey and Hermann.^® 

Von EeckUnghausen’s disease is a familial form of multi- 
ple neurofibromatosis. Neurofibromas are found on branches 
of the cutaneous nerves, and along nerve trunks of the thorax, 
brachial and lumbar plexus, and extremities. Cranial nerves 
and spinal nerves within the spinal canal are sometimes in- 
volved as well. Coffee-colored areas of skin pigmentation 
are common stigmas of this disease. The tumors are benign 
encapsulated neurofibromas and usually do not destroy the 
nerves from which they grow. In a small proportion of 
eases, one or more of the tumors may become malignant.®" 
Neurogenic Sarcoma (Neurogenous Sarcoma). — Sarcoma- 
tous tumors of soft tissue may be foimd in distinct relation 
to nerves. More often such relationship is not demonstrable, 
and in such cases the features suggesting a neurogenous 
origin are (1) arrangement of the cells in definite bundles 
with an interlacing pattern of the herring-bone type, (2) 
wavy, fine, elongated nuclei which tend to line up in parallel 
fasMon to form rows (palisading), and (3) fibrils, demon- 
strable by silver stains, distributed in pericellular fashion. 

The proportion of sarcomas of skin and subcutaneous tis- 
sues which are of neurogenous origin is a matter of debate. 
Ewing and others have held that the majority of such 
spindle-cell sarcomas arise from peripheral nerves. Prom a 
practical standpoint, the criteria of degree of malignancy 
and the prognosis are the same for neurogenic sarcoma and 
fibrosarcoma, varying with the number of mitoses and tumor 
giant cells, and the scarcity of fibers. 

lipoma. — ^Lipomas are benign, circumscribed masses of an 
adult type of fat tissue. They occur in many situations, but 
especially in the subcutaneous tissues of the back or shoulder 
region. In some cases they are multiple, grow to large size, 
and appear to have a familial factor in their causation. In 
certain rare instances they show a connection with nerves 
and are painful.®® Microscopically, they are composed of fat 
cells of the usual type found in adipose tissue, though of a 
larger average size. 
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Liposarcoma. — ^Liposarcoma is a rare type of tumor com- 
posed of embryonic fat cells containing small fat globules in 
their granular cytoplasm. Much of the tumor may be un- 
differentiated and highly cellular. In some areas mature 
types of fat cells may be found. 

There are two types of liposarcoma. One variety, the 
adult form of liposarcoma, is composed of granular cells 
resembling those found in chronic inflammation of fat tissue. 
Trauma to fatty tissue often seems to precede this type of 
tumor. The second type is an embryonal liposarcoma (myx- 
oliposareoma). This tumor contains many tiny proliferating 
blood vessels, mucus-producing cells, and some embryonal 
fat tissue. 



Mg. 76. — ^Lipoma of axilla. (Courtesy Dr. H. C. Schmeisser.) 


Liposarcomas occur most often around the buttocks, lower 
limbs, and in the retroperitoneal spaces.^* They occur as a 
relatively common type of soft tissue tumor in infancy and 
childhood and are quite radiosensitive.^* 

Myxoma. — This tumor is a modified form of fibroma, in 
which a mucoid intercellular substance separates embryonic 
connective tissue cells, so as to resemble in appearance the 
tissue of the umbilical cord, A pure myxoma is rare, but a 
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myxomatous change or degeneration in a portion of some 
other type of connective tissue tumor is not uncommon. 

Myxosarcoma is likewise rare as a pure tumor. 

Tumors of Bone. — Ohoniroma, chondrosarcoma, osteoma, 
and osteogenic sarcoma are tumors which usually arise in 
connecti on w ith skeletal structures and are considered in 
Chapter XXIV. 



Fig. 77. — ^Liposarcoma. Note that some of the tumor cells have dif- 
ferentiated into mature or adult types of fat-holding cells. 

Myoma. — ^Benign tumors of muscle are of two types: 
rhabdomyoma, an extremely rare tumor of striated muscle, 
and leiomyoma, a very common tumor composed of smooth 
muscle. Leiomyomas are most frequent in the uterus, where 
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they have an abundant fibrous stroma, and are commonly 
called ‘‘fibroids” (see p. 591). They also occui* in many 
other situations where smooth muscle is normally found, as 
in the intestinal tract. Malignant transformation of a uter- 
ine myoma to a leiomyosarcoma may occur. A pure rhabdo- 
myosarcoma is very rare, but striped muscle fibers are some- 



IFiff. 78. — Granular cell myoblastoma of thigh. (From a section of 
Dr. H. N. AUen.) 




Fig. 79. — Leiomyoma of small intestine. 

sites. They are composed of large polyhedral cells with small 
nuclei and an abundant, pale, granular cytoplasm. Cross 
striations and structures resembling myofibrils have been ob- 
served in some cases. Tlie tumor may be encapsulated, but in 
most instances is locally infiltrative.^^* 
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Chordoma. — Chordoma is a rare tumor which arises from 
notochordal remnants at the upper or lower ends of the 
vertebral column. It is composed of large, clear, closely 
packed cells having a vacuolated cytoplasm (see p. 688), 

Lymphomatous Tumors. — ^Lymphoma, lymphosarcoma, re- 
ticulum-cell sarcoma, and other tumors of lymphoid, reticulo- 
endothelial, and blood forming tissues are considered in 
Chapter XVI. 

Mesothelioma. — Mesothelioma is a malignant tumor aris- 
ing from serous surfaces such as the pleura, pericardium, 
and peritoneum (see p. 372). 

Angioma. — Tumors composed of endothelial cells tending 
to form blood or lymphatic channels consist of both benign 
and malignant forms. They are considered on p. 242. 

Glioma. — The gliomas are tumors arising from the neuro- 
glial or supporting cells of the central nervous system (see 

p. 688). 

Undifferentiated Sarcoma. — ^Many of the malignant mesen- 
chymal tumors fail to differentiate into recognizable types 
of cells and are given descriptive designations such as small 
round-cell sarcoma, large round-cell sarcoma, mixed-cell sar- 
coma, and spindle-ceE sarcoma. Mitoses are numerous in 
these highly malignant growths. 

Small round-cell sarcoma arises in a variety of sites and 
tends to be rapid in growth and metastasis. It forms a 
fairly well-demarcated pinkish-white fleshy mass, in which 
areas of degeneration and hemorrhage are common. Micro- 
scopically, it is composed of small, round, uniform cells 
among which are abundant thin-walled blood vessels. The 
large round-cell sarcomas are similar grossly but are com- 
posed of cells that are larger, less uniformly round, and 
with more abundant cytoplasm. Many of the tumors desig- 
nated as small and large round-cell sarcomail are in reality 
lymphosarcomas and reticulum-ceU sarcomas. The mixed- 
(polymorphic) cell sarcomas are made up of cells having 
variable size and shape, often with bizarre tumor giant cells. 

Spindle-ceU sarcoma shows some differentiation toward rec- 
ognizable fibroblastic cells. The tumor is somewhat harder 
in the gross, less prone to degenerative changes, and less 
malignant than the round ceU forms. It is composed of 
bundles of elongated spindle-shaped cells with ovri nuclei. 
When the elongated cells are cut transversely, they appear 
rounded and with but scanty cytoplasm. 

(General Characteristics of Sarcoma. — ^Malignant mesen- 
chymal tumors are more prone to occur at any age through- 
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out life than are carcinomas. During the first few decades 
of life they have a much higher relative frequency than 
malignant epithelial tumors. They tend to he soft, and of 
fleshy appearance and consistency, except in the highly dif- 
ferentiated types. Hemorrhages and degenerative changes 
are common in the tumor tissue. They usually have abun- 
dant, thin-walled blood vessels, which are intimately asso- 
ciated with the tumor cells, whereas in epithelial tumors the 
blood vessels are contained in the stroma which separates 
^oups of tumor cells. The thinness and intimacy of vessels 
in sarcomas readily enable the tumor cells to grow through 
their walls. Hence they commonly metastasize by way of the 
blood stream, the lung being the most frequent site for sec- 
ondary tumors. Lymph node metastasis. also occurs in 5 to 
10 per cent of sarcomas.’'® 

Epithelial Tumors 

Tumors derived from and made up of epithelial tissues 
may be classified into two groups, the benign and the malig- 
nant (carcinoma). .An epithelial tumor, like normal epi- 
thelial tissue, has a connective tissue stroma which supports 
the epithelium and in which are contained blood and lym- 
phatic vessels. Insufficiency of this stroma on which nutri- 
tion depends results in degenerative changes and necrosis in 
the tumor. On the other hand the stroma may progress 
equally with the growth of the epithelial elements, or even 
exceed it, producing fibro-epithelial tumors (e.g., fibro- 
adenoma of the breast), or in the case of carcinoma, scir- 
rhous tumors. 


Be2^iqn Epithelial Tumors 

Benign epitl^elial tumors are of two main types: papil- 
loma, which grows outward from an epithelial surface, either 
cutaneous or mucous, and adenoma, which is derived from 
and imitates glandular epithelium. The benign tumors pro- 
gress slowly. By their expansile growth they compress 
surrounding tissue but do not infiltrate and never form 
metastases. The cells tend to conform closely to a norma* 
appearance. 

Fapilloma. — ^In a papilloma, the tumor cells are situated 
externally, elevated from the surface, and arranged around 
a central core of connective tissue containing blood vessels. 
The surface of a papilloma is exposed to injury by pressure 
or friction, so that ulceration, infection, and inflammatory 



DISTCRBAXCES OF GROWTH 


221 


changes are common. The main feature distinguishing them 
from carcinoma is that the tumor cells do not penetrate the 
tissues. 

Papillomas may originate from skin, mucous surfaces, or 
the lining of cysts. Cutaneous papillomas may he true tu- 
mors, hut a group of inflammatory growths of the skin are 
also loosely called papillomas. The latter include venereal 
warts (condylomas), the common warts of children (verruca 
vulgaris) which are of infectious origin, and pyogenic granu- 
loma, an excessive growth of granulation tissue. 

The tEue papilloma of the skin is a hard rough tumor with 
a broad base which may be several centimeters in diameter. 
The surface is rough and Assured, often with marked kerati- 
nization of the superficial cells. 'When keratinization is ex- 
cessive, they may be called cutaneous horns. 

Some papillomatous tumors of the pkin are pigmented and 
may be confused with true melanomas. They have the 
structure of an ordinary cutaneous papilloma, but with abun- 
dant melanin in the epidermal cells. 

Papillomas from mucous surfaces often have long delicate 
processes attached aroimd a thin central stalk. This l^e 
is seen in its typical form in the bladder. Another variety 
consists of a single thick finger-like process. This type char- 
acteristically occurs in the intestine, sometimes in large num- 
bers. Papillomas of mucous surfaces are often called polyps. 
Multiple polyposis of the large intestine is a familial or 
hereditary condition in which a malignant change in one or 
more of the tumors eventually occurs*. 

Intracystic papilloma, in which the projection of the tu- 
mor is into the cavity of a cyst, is seen particularly in cystic 
tumors of the ovary and of the breast. 

Adenoma. — An adenoma is a benign tumor derived from 
glandular or secretory cells. It has usually a slow rate of 
growth, a well-defined margin, and quite accurately repro- 
duces the tissue from which it is derived. The tumor cells 
may function and produce a secretion similar to, or the same 
as produced by, the normal glandular tissue. Thus mucin 
tends to be produced in intestinal growths, ooUoid in thyroid 
adenomas, and bile in liver adenomas, hi the case of ade- 
nomas made up of endocrine tissue, excessive secretory ac- 
tivity may result in clinical evidence of hyperactivity of the 
particular endocrine gland. Distention with secretory ma- 
terial and cyst formation is also a common result of func- 
tional activity (cystadenoma). 
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Since any glandular tissue may give rise to tximor, adeno- 
mas are of extremely varied structure. Those which grow 
within the substance of a gland tend to be rounded and en- 
capsulated. Those which grow from the secretory cells of 
a mucous membrane, such as endometrium, tend to be poly- 
poid and pedunculated. 



rig. 80. — ^Adenoma of Iddney. The edge of the tumor is shows, so 
that a glomerulus and tubules are evident m the left half of the 
figure. 


Malignant Epithelial Tumoks 

Carciiioiua. — ^Malignant epithelial tumors form a most im- 
portant group because of their numerical frequency and 
serious effects. They vary widely in rate of growth, degree 
of anaplasia or differentiation, and in gross and microscopic 
appearance. They are distinguished from benign epitheUal 
tumors in that they invade and destroy normal tissue, and 
usually will spread by metastasis. 

Carcinomas differ in the degree to which they imitate 
their tissue of origin. In some cases the resemblance to 
normal tissue is very close, with well-formed glands, tubules, 
or lining epithelium. At the other extreme, there may be 
so much anaplasia or reversion to an embryonic type of tis- 
sue that the origin of the tumor or even its epithelial nature 
is difficult to determine. 
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Tlie stroma likewise is variable. Invading carcinoma cells 
utilize the existing stroma of the destroyed tissue. "When 
the tumor growth is rapid, the connective tissue and blood 
vessels are often inadequate to support and nourish the tu- 
mor, so that degeneration and death of tumor cells result. 



Fig. 81. — CarciiLOina. Note the variations in the size, shape, and 
intensity of staining of the tumor cdls. Normal architecture is com- 
pletely lost. 



Fig. 82. — Metastatic carcinoma in the liver. (Primary in stomach.) 
(Courtesy Dr. H. C. Schmeisser.) 
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Other tumors (scirrhous) tend to stimulate the growth of 
the connective tissue stroma, sometimes to exceed the devel- 
opment of the epithelial elements, many of which may be 
choked off and killed. 

A number of terms are used in the classification and de- 
scription of carcinomas. Squamous-cell carcinoma (epithe- 
lioma) arises from surface epithelium such as skin, mouth, 
lip, or cervix, and is made up of squamous epithelial cells. 
It may also arise from the esophagus, anus, larynx, nose, 
sinuses, renal pelvis, ureters, bladdep, and bronchi. It is 
most easily identified by the presence of prickle cells or 
keratinization. Adenocarcinoma is a tumor with cells hav- 
ing a glandular or adenomatous arrangement. The terms 
scirrhous, medullary, and mucoid or gelatinous refer to 
their gross and microscopic appearance. A scirrhous carci- 
noma is hard and fibrous because of abundant stroma. A 
medullary carcinoma is soft, and brain-like in consistency, 
because of little connective tissue stroma. Mucoid or gelat- 
inous cardnomas are soft and translucent, due to accumu- 
lation of a mucoid or colloid material. Carcinomas are fre- 
quently not uniformly scirrhous, medullary, or mucoid 
throughout their whole substance. Carcinoma simplex is a 
carcinoma of glandular tissue in which the cells are ar- 
ranged in solid cords and masses. 

Mixed Tumors and Teratomas 

Most tumors are composed of cells of one type, e.g., glan- 
dular epithelium as in simple adenoma. However, there are 
tumors in which tissues of different character occur together 
in the same growth, and these are classified as mixed tumors 
or teratomas. 

Mixed tumors are derived from pleuripotential cells, i.e., 
cells capable of differentiation into more than one type of 
tissue. Such tumors are most common in the salivary glands 
(mixed tumor of parotid, p. 460), and kidney (Wilms’ tu- 
mor or embi^oma, p. 326). In these tumors both epithelial 
and connective tissue elements are commonly present, but 
recognizable organs are not found. 

A teratoma is a tumor containing organs or distinct fetal 
structures representing all three primitive layers of blasto- 
derm. It is really an attempt at development within one 
individual of another individual of the same species. They 
are derived from totipotential cells, i.e., cdls capable of dif- 
ferentiation into any organ or tissue, and which in the right 
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circumstances and environment would develop into a com- 
plete individual. 

Teratomas may arise from either (1) the totipotential cells 
of the ovary or testicle, or (2) from an undeveloped "rest” 
of cells of the morula prior to the differentiation of the 
primitive layers. They most commonly arise in the ovary 
or testicle, where from some unknown stimulus one of the 
unfertilized cells begins to grow and attempts to form a new 
individual. In the ovary these tumors are common and are 
usually cystic (dermoid cyst), but may be solid. 

Those teratomas which arise from "rests” of undifferen- 
tiated tissue are most common near the growing ends of the 
body, in the sacrococcygeal region or at the base of the skull. 
They may, however, arise in almost any situation. This type 
of teratoma is closely related to the various types of joined 
twins and parasitic fetuses.*® 

Teratomas are relatively benign tumors, causing trouble 
mainly by their local expansion. Occasionally one type of 
cell in a teratoma becomes malignant, and metastases are 
made up of this type of cell alone. 

CYSTS 

A cyst is a cavity containing fluid and surrounded by a 
definite wall. There is usually an epithelial lining. The many 
varieties of cysts can be fitted into tiie following classification : 

1. Beteution cysts are due to blockage of duets or tubules, 
with cystic distention of the proximal portion. Cysts 
of the kidney and pancreas are usually of this type. 

2. Cysts due to developmental errors include those arising 
from the branchial clefts, thyroglossal duct, and from 
remains of the Wolffian duct (hydatids of Morgagni). 
Also of developmental origin are the sebaceous cysts of 
the skin, cystic hygromas (see p. 243), and the cysts 
associated with spina bifida (see p. 697). 

3. Cystic tumors or cystomas (cystadenomas) arise very 
commonly from the ovary, thyroid, and other organs. 

4. Cysts &om serous cavities arise by ou^ouchings from 
bursae and tendon sheaths (e.g., ganglion — see p. 673). 

5. Parasitic cysts include those due to the Taenia echino- 
coccus (hydatid cysts), amebiasis, and torula. 

6. Pseudocysts are those formed as a result of hemorrhagic 
material (hematoma) which has become encapsulated. 
Also to be included here are the cyst-like spaces formed 
as a result of mucinous degeneration. 
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CHAPTEE XII 

THE CAEDIOVASCULAE SYSTEM 

The circulatory system, which includes the heart, blood 
vessels, and lymphatics, is concerned with the essential nu- 
trition of tissues. Disease of this system probably outranks 
in frequency and importance the infectious diseases and 
cancer. 


DISEASES OF BLOOD VESSELS AND 
LYMPHATICS 

Generally speaking, lesions of blood vessels are important 
in proportion to the degree to which they reduce circulation 
to vital tissues. Such an effect is most commonly produced 
by a hardening and thickening of arterial walls referred to 
as arteriosclerosis. Arteries and veins are also subject to 
inflammations (arteritis and phlebitis), dilatation (aneurysm 
and varicosity), and neoplasm (angioma). Thrombosis, em- 
bolism, and hemorrhage are important accompaniments of 
vascular diseases. 


Structure of Arteries 

Arterial vessels are composed of three coats : intima, media 
and adventitia. The intima, or inner layer, consists of a lin- 
ing layer of endothelial cells, beneath which are a few muscle 
and connective tissue fibers. The media is formed by mus- 
cular and elastic tissue. A condensation of the elastic tissue 
at the inner margin of the media forms the internal elastic 
lamella. This inner elastic band frequently appears wavy, 
due to post-mortem contraction of the vessel, A less definite 
outer condensation of elastic tissue sometimes forms an ex- 
ternal elastic lamella. The adventitia, or outer wall, con- 
tains a loose network of connective tissue and elastic fibrils, 
carrying blood vessels (vasa vasorum) and nerves to supply 
the vessel wall. 

Wintemitz^ has recently demonstrated that the vascular 
supply to the wall of blood vessels is richer and more exten- 
sive than previously suspected. Small vessels supplying ar- 
terial walls are much more numerous in older individuals, 
and in the presence of arteriosclerosis. They cannot be seen 
in ordinary sections for reasons discussed by Stem.® Intimal 
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vasa vasorum are common, in arteriosclerotic vessels, but their 
presence in a normal intima is disputed. 

Arteries may be divided into three main classes, according 
to size and structural variations: elastic arteries, muscular 
arteries, and arterioles. The group of elastic arteries includes 
the largest vessels, the aorta and its immediate branches. 
In this group the vessel wall contains elastic tissue in great- 
est proportion. Elastic recoil of these vessels maintains 
blood flow and pressure during diastole. The second group, 
the muscular arteries, are the medium-sized vessels, such as 
brachial, radial, and femoral. In these vessels elastic tissue 
is present in smaller amount, and muscular tissue is greater. 
The third group, the arterioles, includes the small arteries 
of organs down to the size of capillaries. In these vessels 
muscular tissue is most abundant and elastic tissue relatively 
slight. Their contraction is important in regulation of blood 
pressure and flow. 


Arteriosclerosis 

Arteriosclerosis refers to a condition of hardening and 
thickening of arteries. Several types of change are included 
under this term, called atherosclerosis, medial sclerosis, and 
arteriolar sclerosis, affecting respectively the elastic, muscu- 
lar, and arteriolar groups of vessels. In the flrst instance 
the change is in the intima, in the second type in the media, 
while arteriolar sclerosis may involve intima, media, or both. 
A fourth type, known as endarteritis obliterans, is a pro- 
liferative intimal change of small arteries. 

Atherosclerosis. — ^Intimal thickening and degeneration are 
the characteristic features of atherosclerosis. It affects 
mainly the large elastic vessels, the aorta being most severely 
involved. It also affects the coronary and renal vessels, the 
arteries at the base of the brain, and larger vessels of the 
extremities. 

The earliest change in the aorta is seen in the form of 
slightly raised, longitudinal, yellowish “fatty streaka" 
These are due to macrophages loaded with lipoid and some 
increased connective tissue in the intima. Purther intimal 
thickening follows and irregular nodules of connective 
sue develop around the fatty deposits, forming bluish-white 
translucent areas. The fatty deposits have the same lipid 
composition as the blood plasma, suggesting that there is a 
nonselective deposition of plasma lipids.* Leary^ has de- 
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scribed a defense mechanism by which cholesterol deposits in 
arteries may be removed in early stages by lipolytic activity 
of fibroblasts. 

The central portion of the nodular area of intimal thick- 
ening contains soft yellowish lipoid substance and degener- 
ated material. This lesion is an atheroma. The soft central 
mass is rich in lipoids, mainly cholesterol esters and crystals. 
The cholesterol crystals dissolve out in preparation of sec- 
tions leaving elongated fusiform clefts. Calcium salts be- 
come deposited in the fatty areas and form thin, brittle, cal- 
cified plates. These crack easily, allowing escape of the 
necrotic atheromatous material and leaving an irregular area 
of ulceration. Thrombi are likely to form on such areas of 
intimal ulceration and rarely may occlude the lumen or give 
rise to emboli. The media is but little changed in this type of 
sclerosis, although some calcification of the media has been 
shown to precede the formation of the intimal patch.® 

The aorta shows atheromatous changes in most marked 
degree, the lower abdominal portion usually being most 
severely involved. In the aorta, atherosclerosis produces but 
little narrowing of the lumen. The slight deleterious effects 
are due to rigidity of the wall and the occasional develop- 
ment of thrombi. Progressive loss of elasticity of the aorta 
occurs with advancing age but is not directly related to the 
atherosclerosis. Loss of aortic elasticity may be as great in 
the individual with slight atherosclerosis as with marked 
atherosclerosis. 

In smaller arteries, such as coronary and cerebral vessels, 
atherosclerosis narrows the lumen and predisposes to throm- 
bosis. Atherosclerosis of a renal artery may produce ischemia 
of the kidney and result in hypertension. 

Medial Sclerosis (Monckeberg’s Sclerosis). — ^Medial sclero- 
sis occurs particularly in the medium-sized muscular arteries. 
There are degeneration, swelling, and fragmentation of me- 
dial muscle fibers, followed by calcium deposition. Occa- 
sionally bone is formed in the vessel wall, the formation 
of osteoid tissue preceding calcification.® The vessels be- 
come hard and tortuous, so that palpable vessels such as 
the radial can he felt as rigid tubes. The medial changes 
alone do not narrow the lumen and have little effect on the 
circulation. However, in the smaller vessels of the lower 
extremities, the medial sclerosis is frequently associated with 
intimal thickening due to proliferation and fatty deposits. 
This change, similar to that of atherosclerosis, decreases the 
circulation to the extremities so that nourishment is insuffi- 
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cient for active exercise, and finally even for the tissues 
when at rest. More important, however, is occlusion of the 
vessels by thrombosis® and organization of the obstructing 
clots. The tissues with blood supply insufScient to maintain 
life became gangrenous. These changes are common in elderly 
individuals, but in diabetics they tend to occur in severe 
form and at an earlier age. 



Fig. 83. — Endarteritis obliterans. Note the irregular thickening of 
the intima internal to the wavy and irregular dark line of the internal 
elastic lamina. 

Endarteritis Obliterans. — ^Endarteritis obliterans refers to 
a localized obliterating process affecting small arteries. The 
wall becomes greatly thickened and the lumen narrowed or 
obliterated by marked overgrowth of connective tissue in- 
side the internal elastic lamella. This intimal proliferative 
thickening is seen in small arteries in areas of chronic inflam- 
mation, e.g., adjacent to tuberculous cavities of the lung, or 
in the base of a peptic ulcer. It also develops in the blood 
vessels of a region where active circulation is no longer 
needed, i.e., as an involutionary change in vessels whose 
capillary beds have been reduced by tissue atrophy. Hence 
it occurs in the hypogastric arteries and ductus arteriosus 
after birth, in the arteries of the uterus and ovaries in old 
age, and in the involution of uterine arteries after pregnancy. 

Arteriolar Sclerosis. — ^In arteriolar sclerosis of small ar- 
teries and precapillary vessels there are three main types of 
histologic change:® (1) intimal hyalinization ; (2) medial hy- 
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pertrophy and degeneration; and (3) intimal proliferation. 
These may occur separately or in combination. Intimal 
hyalinization is essentially a degenerative change which be- 
comes more widespread and severe with advancing age. 
Medial hypertrophy is apparently the result of stretching, 



Fig. 84. — ^H 3 ralme arteriolar sclerosis of kidney. Note the severe in- 
volvement of ue 'entering arteriole of a glomemus. iEVom a case of 
malignant hypertension. 

and so is frequently associated with hypertension. The 
intimal proliferation is an endothelial hyperplasia with in- 
crease in elastic tissue, but seconds^ degenerative changes 
are common. This type of change is sirnilar to that of en- 
darteritis obliterans and may be associated with in^mma- 
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tory or adaptive change in the reduced circulation to an 
atrophic tissue. 

Arteriolar sclerosis is commonly a widespread change but 
is seen particularly well in the spleen, pancreas, adrenal 
capsules, and kidney. In the kidney, but not necessarily 
elsewhere, arteriolar sclerosis is almost invariably associated 
with hypertension. Renal arteriolar sclerosis resulting in 
renal ischemia is possibly the mechanism of development of 
most cases of essential hypertension. 

Etiology of Arteriosclerosis. — ^The etiology of arterioscler- 
osis is not known. Various causes operate in the different 
types of vascular change, and multiple factors come into 
play.® Etiologic factors believed important are age, dietary 
and metabolic disturbances of cholesterol metabolism, hyper- 
tension, infection, inflammation, and injuries to vasa vasorum. 

Age. — Some vascular changes inevitably accompany the 
wear and tear of life and the aging of tissues. Certain types 
of arteriosclerotic changes, such as hyalinization of small 
arteries of the spleen and calcification of the media of the 
aorta,® seem correlated with age. Most types of sclerosis, 
however, do not necessarily and constantly accompany ad- 
vancing age. 

Cholesterol Metabolism. — ^Diets high in cholesterol are 
effective in producing atherosclerotic lesions in rabbits. It 
has not been proved that high cholesterol intake or disturb- 
ances of cholesterol metabolism are of primary importance 
in causing human atherosclerosis, though such is not im- 
probable.^ While hypercholesterolemia may promote the de- 
velopment of atherosclerosis, the latter commonly occurs in 
adults without obvious elevation of blood cholesterol or other 
abnormality of blood Hpids.^ 

Hypertension. — ^In the association of hypertension and 
arteriosclerosis, it is probable that the primary change is an 
arteriolar sclerosis affecting renal vessels, the resulting renal 
ischemia causing hypertension. The high blood pressure in 
turn apparently results in certain types of vascular change, 
e.g., medial h3pertrophy of arterioles. Hence a vicious cycle 
tends to be established. 

iNPEcnoN AND INFLAMMATION. — ^Local injury of the vessel 
wall due to infection or inflammation may be an initial event 
in arteriosclerosis followed by lipoid deposit. It has not been 
demonstrated that infection is of much importance in the 
causation of arteriosclerosis. Injury to small vessels by 
irradiation has caused development of small intimal plaques 
of - foam cells,® resembling the early stage of atherosclerosis. 
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Fig> 85. — ^Arteriolar nephrosclerosis, rrom a case of severe hyperten- 
sion. Note the thickening and prominence of tiie arteriolar walls. 
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Injury to Vasa Vasorum. — Stem® points to occlusion and 
inflammation of the vasa vasorum as a possible initial injury 
leading to development of arteriosclerosis. Wintemitz^ has 
given evidence that abundant vasa vasorum may be found in 
all coats of the vessel wall and has suggested inflammatory 
exudate and hemorrhage from these vessels as an initiating 
event in arteriosclerosis. Patterson®® and others believe that 
intimal vascularization and hemorrhage are a result rather 
than a cause of arteriosclerosis. 

Inflammatioii of Arteries 

Arteritis may be due to local inflammations which spread 
to involve vessel walls. There also occur primary forms of 
arterial ioflammation, both localized and general. One of 
these primary forms is commonly called polyarteritis nodosa. 

Polyarteritis Nodosa. — ^Polyarteritis nodosa (periarteritis 
nodosa) is an acute inflammation with degeneration and 
necrosis involving the walls of medium-sized and small ar- 
teries. Various organs and tissues may be involved, but 
most frequently the kidneys, heart, liver, gastrointestinal 
tract, and muscles. These tissues may be involved together 
or successively. The variety of organ involvement produces 
clinical pictures which are of great variability and difficult 
to diagnose. Biopsy of a nodule from skin or muscle fre- 
quently enables clhiical recognition. The condition may occur 
at any age. It is estimated that about 10 per cent of cases 
recover. 

The etiology has been variously ascribed to a specific virus, 
rheumatic fever, streptococci, and allergy. Frequent associa- 
tion of the condition with asthma or other allergic states and 
similarity to vascular changes in known allergic reactions 
favor the hypothesis that it may be a severe allergic mani- 
festation.^®* 

The inflammatory changes have been thought in some in- 
stances to begin in the adventitia, and in other eases in the 
intima or innermost part of the media. Acute, subacute, 
chronic, and healed stages have been described. The earliest, 
or acute, phase is characterized by necrosis, usually of the 
media. In the subacute stage there is cellular exudation. 
Eosinophiles are. the most characteristic cells of the inflam- 
matory reaction, but lymphocytes, plasma cells, and poly- 
morphonuclear leucocytes may be present. Exudation is fol- 
lowed by proliferative changes around the vessel, and also 
of the jntima. Occlusion of the lumen and infarction are 
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common results. In the chronic phase granulation tissue 
develops and healing begins. Absorption of exudate and 
fibrosis result in the final healed condition. When various 
organs are involved successively, the several stages may be 
evident in the different organs. 

Yellowish-red nodules which occur on the affected vessels 
are usually due to small localized dilatations or aneurysms 
at points of degeneration, inflammation, and weakening of 
the vessel wall. Nodules may be formed also by the localized 
cellular infiltration and proliferation. Rupture of one of 
the aneurysmal nodules may result in serious hemorrhage. 



Pig. 86. — ^Periarteritis nodosa of pancreas. 

Thromboangiitis Obliterans. — ^Buerger introduced the 
term thromboangiitis obliterans to describe an inflammatory 
condition of the vessels of the lower extremities in which 
thrombosis and later flbrosis interfere with the blood supply 
to the limbs. The condition occurs predominantly but not 
exclusively in males of the Jewish race and of Russian or 
Polish origin. The etiology is uncertain. By some it has 
been considered a specific infection, and others believe that 
allergy to tobacco plays an important role. 
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In the early stage an acute inflammatory reaction involves 
all coats of a segment of a deep artery and adjacent vein. 
Inflammatory thrombosis results. The process proceeds to 
a proliferative stage vuth organization and healing by fibro- 
sis. Usually arteries, veins, and nerves become bound to- 
gether in a dense fibrous sear. Some I’eeanalization of the 
lumen often develops. Venous valves are damaged and dis- 
rupted by the inflammation and organization of thrombi. The 
early acute phase may give little clinical evidence of its pres- 
ence. Following thrombosis and organization, in.sufficient 



Fig. 87. — ^Buerger's disease. Fibrosis around arteries, veins, and 
nerve, with, thrombotic obliteration of lumens. (From Berman, J. K.: 
Synopsis of the Principles of Surgery, The C. V. Mosby Co.) 

blood supply to the extremity may result in pain on exercise 
(intermittent daudication) or even gangrene of the ischemic 
tissues. The degree of circulatory disturbance is largely in- 
fluenced by the amount of collateral circulation which can be 
established. 

Aneurysm 

An aneurysm is a localized dilatation of an artery. The 
dilatation may be saccular, fusiform, or cylindrical. Certain 


238 


SYNOPSIS OF PATHOLOGY 


lesions, called false aneurysm, arteriovenous aneurysm, and 
dissecting aneurysm, are not true aneurysms in the sense of 
the above definition. 

Syphilitic aneurysm, a late manifestation of syphilis, usu- 
ally involves the first portion or the arch of the aorta, though 
the abdominal aorta or other vessels are occasionally affected. 
The localized dilatation is due to weakening of the media by 
destruction of the elastic tissue. Disruption and loss of 
elastic fibers are evident microscopically in the wall of the 
aneurysm. The media of the vessel is atrophic and replaced 
by connective tissue. The saccular variety is most common. 
It increases progressively in size, causing atrophy and ero- 
sion of any structure on which it impinges, including bony 



Pig. 88. — Saccular uueuijhui of aoita obatiuctiug lenal artery. Note 
the lammated thrombus in the aneurysmal sac, atrophy of tlie right 
kidney and hypertrophy of tlie left. The aortic intima above the 
aneurysm shows the characteristic ‘^ti*ee-bark'' roughening of syphilitic 
aortitis. (Courtesy Dr. H. C. Sehmeisser.) 

tissue. Thrombosis in successive layers occurs in the aneu- 
rysmal sac. This serves to strengthen the wall to some ex- 
tent, although there is but little organization of the throm- 
bus. Aneurysms have little direct effect upon the heart or 
circulation, and symptoms are usually due to the pressure 
and erosion of adjacent structures. The final result is com- 
monly perforation and death from hemorrhage. 

Grossly similar aneurysms may arise as a result of athero- 
sclerosis when its severity is sufficient to produce the re- 
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qxdred atrophy and weakening of the media. Such arterio- 
sclerotic aneurysms are rare. 

Aneurysms may occur in small arteries in which localized 
inflammation has produced sufficient weakening of the yessel 
wall. Such a process produces nodules in polyarteritis 
Aodosa. In mycotic aneurysm the inflammation is due to the 
lodgment of an infected embolus, or infection of the wall by 
way of vasa vasorum. Occasionally extension of infection 
from inflamed aortic valves affects the sinuses of Valsalva or 
adjacent portions of the aorta, producing mycotic aneurysm 
in that area. 



Fig. 89. — Syphilitic aortitis with beginning aneurysm. Elastic tis- 
sue (stained black) of the media destroyed in a local area, with bulg- 
ing at the weakened point. 

Congenital aneurysms occur particularly on superficial 
cerebral vessels, sometimes in miliary fashion. They are 
due to a muscular defect in the media at points of bifurca- 
tion, a small saccular aneurysm developing in the angle. In 
addition to the muscular defect, degeneration of the intenial 
elastic membrane due to continued overstretching from 
blood pressure is necessary before aneurysm develops. The 
muscular defect, and not the aneurysm itself, is congenital. 
Rupture of such an aneurysm is an important cause of sub- 
arachnoid hemorrhage. 

False aneurysm is an organized hematoma which com- 
municates with the lumen of a blood vessel — ^i.e., the wall of 
the aneurysm is not composed of elements of the blood vessel 
wall. It occasionally follows a traumatic rupture of a small 
vessel, as by a knife or bullet. 

Arteriovenous aneurysm is an abnormal communication 
between an artery and a vein. Its usual cause is traumatic 
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penetration of an adjacent artery and vein. Less com- 
monly, it may be a developmental anomaly, or occur in vas- 
cular neoplasms (glomus tumor). The vessels may com- 
municate through a short passage which is really a false 
aneurysm. If vessels of considerable size are involved, the 
direct arteriovenous shunt produces disturbed circulation. 
Congestion and increase of blood pressure are present in 
parts distal to the aneurysm. Cardiac hypertrophy may 
result from the increased load. 

Dissecting aneurysm is produced by penetration of circu- 
lating blood into the wall of a vessel and its subsequent ex- 
tension for varying distances between the layers. The aprta 
is the vessel commonly involved. It is simply a hemorrhage 
into the vessel wall itself, which by its force splits or “dis- 
sects” the layers of the wall. 

The dissection is through the media of the vessel and ex- 
tends for short or long distances proximally or distally. At 
the end of its dissection it may rupture externally by tear- 
ing through the outer portion of the waU. Less commonly 
it perforates again into the lumen. Sudden death results 
from perforation externally into surrounding tissues, or into 
the pericardial sac (producing cardiac tamponade) when the 
first portion of aorta is involved. Rupture back into the 
lumen occasionally leads to recovery, either through lining 
of the channel by endothelium, or more rarely by thrombosis, 
organization, and fibrous obliteration of the channel. 

About 70 per cent of dissecting aneurysms be^ in the 
ascending aorta. The intimal tear at this point is usually 
transverse, irregular, and one or two cm. in length. Dissec- 
tion distal to the primary tear is longer and more important 
than that proximal to the rupture, though some proximal 
dissection almost always occurs. Since a large proportion 
of primary tears are one or two cm. above the aortic valve, 
the frequency of rupture into the pericardial sac is easily 
understood. Dissection distally may progress to the aortic 
bifurcation and beyond. 

The underlying cause of dissecting aneurysm is some de- 
generative change or defect of the media. Shennan^® has 
described the medial changes as a fatty degeneration and 
atrophy of muscle fibers ; hyaline and mucoid degeneration 
of connective tissue; swelling, fragmentation, and loss of 
staining power of elastic fibers. Peculiar areas of necrosis 
and mucoid degeneration are found in the media (medio- 
necrosis aortae idiopathica cystica). These degenerative 
changes are without infiammatory reaction, but associated 
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with necrosis and small cystlike spaces between the elastic 
fibers. Syphilis is not an etiologie factor in dissecting an- 
eurysm. One-fourth of eases occur before the age of 40 years, 
and sometimes with pregnancy. 

The exciting cause is usually (according to Shennan) a 
sudden increase of blood pressure due to mental or physical 
stress; trauma is rarely a factor. The primary tear of the 
intima may start at an atheromatous ulcer, but this is un- 
usual. In some cases the primary hemorrhage may be from 
one of the vasa vasorum, and the intimal tear secondary 
to this. 

Phlebitis 

Infiammation of veins is often extension of a local infec- 
tion to involve their walls. Such an event is common in the 
infected puerperal uterus, or as a complication of appendi- 
citis (pylephlebitis). Thrombosis usually develops in the 
infected veins, and spread of the infection may thus occur 
by infected emboli as weU as directly along the vein wall. 
Phlebitis occasionally complicates acute infectious diseases. 

Varicose Veins 

Abnormally distended or varicose veins are produced by 
increased intravenous pressure, and weakness of the vein 
walls, alone or in combination. The condition is seen most 
frequently in the veins of the lower extremities, the hemor- 
rhoidal veins, or the veins at the lower end of the esophagus. 

Varicose veins of the lower extremities interfere with 
proper circulation and nourishment of the tissues, so that 
atrophy and ulceration of the skin may result. Lack of cer- 
tain valves in large veins of the extremities*® and an ob- 
structive anomaly of the opening of the left common iliac 
vein®* have been pointed out as possible contributing etiologie 
factors. 

Hemorrhoids are varicosities of hemorrhoidal veins. 
Varices at the lower end of the esophagus are common where 
there is obstruction in the portal circulation, as in cirrhosis 
of the liver. Rupture of one of these distended vessels is a 
common terminal event in cirrhosis of the liver. 

Lymphangitis 

Inflammation of lymphatics may appear in infections, and 
spread may occur from a local area along lymphatics to 
lymph nodes. When such inflammation is superficial, e.g.^ 
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on the arm, the lymphatic involvement may be seen as red- 
dish, painful streaks, and the lymph nodes of the axilla be- 
come enlarged and tender (l 3 rmphadenitis, see page 419). 

Lymphatic Obstruction 

Obstruction of lymphatic flow from an area results in re- 
tention of fluid in the part, which becomes enlarged and 
hard. Marked degrees of the enlargement are termed ele- 
phantiasis and are most common when the lymphatic ob- 
struction is due to filaria, though a similar effect is product 
by inflammatory destruction of lymphatics. Operative pro- 
cedures may interfere with normal lymph drainage, and in 
the ease of radical amputation of the breast, an enlargement 
and brawny edema of the arm may result. 

Tumors of Blood and Lymphatic Vessels 

Angiomas are tumors made up of blood or lymph vessels 
(hemangioma or lymphangioma). They are often congenital 
and probably arise from embryonic rests of mesodermal tis- 



rig. 90. — ^Hemangioma of skin. The squamous epithelial surface is 
evident on the right. The tumor is composed of tiny, tlun-walled blood 
channels and proliferating endothelial cells. 

sue. Some may be simply vascular malformations, but many 
are true neoplasms. Angiomas are common in childhood. 

Hemangioma. — There are several types of hemangiomas. 
Capillary hemangioma is composed of well-differentiated, 
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thin-walled capillaries. Cavernous hemangioma, in which 
the vascular spaces are dilated, engorged blood sinuses, is 
the common type in internal organs, such as the liver. Nevus 
venosus (port wine stain) is a diffuse telangiectasis or dila- 
tation of superficial vessels of an area of skin, usually of the 
face or neck. Hemiangioendothelioma consists of solid 
masses of proliferating endothelial cells, with only a few 
patent vessels. This type is locally invasive in its growth, 
and prone to recur after treatment. Sclerosing hemangioma 
is a blood vessel tumor in which there is overgrowth of the 
collagenous connective tissue framework of the tumor. This 
results in occlusion of the vessels and breakdown of trapped 
red cells. Phagocytes containing hemosiderin pigment may 
be sufficiently numerous to give the tissue a brownish color. 
Other macrophages contain lipoid material. A few giant 
cells are usually present. The tumor must be differentiated 
from a melanoma or a xanthoma. 



Fig. 91. — Glomus tumor. 


Lymphangioma. — ^The three main types of lymphangioma 
are the simple or capillary, the cavernous, and the cy^c 
(hygroma). The capillary and cavernous types are similar 
to the corresponding hemangiomatons tumors, but differ in 
the absence of red cells in their channels and in the frequent 
presence of Isnnph follicles and l^phocytes. 

The cystic type of lymphangioma or hygroma occurs in 
the neck or axilla, designated respectively as hygroma colli 
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cysticum and hygroma axillare. Originating from lymphatic 
nests, which retain embryonic power of irregular growth, 
they grow to be large, multilocular cystic tumors. Their 
cavities are lined by endothelium and contain straw-colored 
fluid. Lymphoid tissue is often abundant in the cyst walls. 

Glomus Tumor (Angiomyoneuroma). — The glomus is an 
arteriovenous anastomosis, found normally in the sldn and 
concerned with temperature regulation. The glomus tumor, 
or angiomyoneuroma, arising from this structure occurs in the 
extremities and is characterized clinically by intense pain and 
'tenderness. Vasomotor phenomena and atrophic changes in 
the involved extremity are sometimes associated. 

The tumors are composed of a tangled mass of blood vessels 
enclosed within a capsule. In the vessel walls are masses of 
peculiar cuboid or rounded glomus’' cells, probably de- 
rived from pericytes, and smooth muscle cells. Bundles of 
myelinated nerves are recognizable in or near the capsule of 
the tumor, from which slender, nonmyelinated fibers pass 
among the '‘glomus” cells and become continuous with their 
cystoplasm. . 



Pig. 92.-*-Cystic hygroma of the neck. (Courtesy Pr. H. 0. Schmeisser.) 

Hemangiopericytoma. — Stout and associates®® have de- 
scribed a vascular tumor composed of endothelial tubes sur- 
rounded by rounded or elongated cells which they believe 
are derived from pericytes, as are the epithelioid cells of the 
glomus tumor. Pericytes, described by Zimmerman, are 
contractile cells wrapped about capillaries, which function in 
changmg their lumens. Most examples have been benign, but 
local invasion and even metastases have been reported. 

DISEASES OF THE HEAHT 
Congenital Heart Disease 

Congenital malformations of the heart are usually either 
abnormalities of the great vessels or their valves: (2^^ 
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failure of completion of the septa between auricles or ven- 
tricles; or (3) anomalies of size or position of the heart. 
Frequently two or more anomalies occur in association. De- 
fects which cause a shunt of blood from the venous to the 



Fig. 93. — Coarctation of aorta. (Courtesy Dr. V. Moragues.) 

arterial side (i.e., from right to left) are commonly associ- 
ated with cyanosis. The main factor in the cyanosis is the 
admixture of venous and arterial blood in the peripheral 
circulation. The oxygen deficiency gives rise to a compensa- 
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tory increase in number of red cells in tbe blood (poly- 
C3^1iemia) and increase in their average size. Clubbing of 
the ends of fingers and toes is also common in such cases. 



rig. 94. — Congenital defect of interventricular septum (ostium atrio- 
ventriculare commune), (Courtesy Dr. V. Moragues.) 

Pulmonary Stenosis. — ^Narrowing of the opening of the 
pulmonary artery is a common and important anomaly. In 
most cases it is associated with a defect of the interventricu- 
lar septum, patent foramen ovale, or patent ductus arteriosus. 
The right ventricle becomes hypertrophic. 

Patent Ductus Arteriosus. — ^Normally during fetal life, 
blood passes from the pulmonary artery through the ductus 
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arteriosus to the aorta, thus by-passing the lungs. Oblitera- 
tion of the channel occurs a few weeks after birth. "W^hen 
it remains open, it is often associated with other defects, such 
as pulmonary stenosis or patent septa. 

Aortic Stenosis and. Coarctation of the Aorta. — ^Narrow- 
ing of the aortic valve opening is less common than pxdmo- 
nary stenosis. Narrow’ing of the aorta beyond the valve 
(coarctation of the aorta) occurs in infantile and adult 
types. In the infantile type there is a narrowing of the 
aorta between the origin of the left subclavian artery and 
the insertion of the ductus arteriosus. This narrowing is an 
exaggeration of the normal fetal condition. In the adult 
type there is a sharp constriction of the aorta below the 
insertion of the ductus arteriosus. Compensatory collateral 
circulation develops through internal mammary and inter- 
costal vessels, and the left ventricle hypertrophies. 

Patent Interatixictilar Septum. — ^It is frequently found 
that the foramen ovale has remained open, but wilii a com- 
petent though unfused valve. In such cases no important 
transseptal leakage occurs. However, with a widely patent, 
inadequately guarded foramen ovale, a shunt of blood from 
left to right occurs, with enlargement of right auricle, right 
ventricle, and pulmonary artery. The left ventricle remains 
relatively small. 

Patent Interventricular Septum. — Patency of the inter- 
ventricular septum, usually in its upper membranous por- 
tion, is a common anomaly. Small defects may cause little 
disturbance. Large defects cause relative hypertrophy of 
the left ventricle and may be associated "with cyanosis, 
dyspnea, polycythemia, and clubbing of fingers. 

• Tetralogy of Fallot. — ^The tetralogy of PaHot is a common 
association of defects which includes (1) a patent interven- 
tricular septum; (2) pulmonary stenosis; (3) relative dis- 
placement of the aorta to the right so that it tends to lie 
above the patent part of the interventricular septum; and 
(4) hypertrophy of the right ventricle with a relatively 
small left ventricle. 

Lesions of the Pericardium 

Abnormalities of the pericardium are usually secondary 
to diseases elsewhere, rarely primary. 

Serous Atrophy of Pericardial Fat. — ^In any chronic disease 
with marked emaciation the subepicardial fat may be re- 
duced in amoxmt and acquires a watery, translucent gelat- 
inous diaraoter. 
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Hydropericardium. — The pericardial sac normally con- 
tains about 30 to 50 c.c. of fluid. More than 100 c.c. is called 
hydropericardium, and amounts as large as one or two liters 
may accumulate. The usual cause is nephritis or cardiac 
failure. Large amounts present some interference with the 
heart’s action and reduce inflow by pressure on incoming 
veins. 



Fig. 95. — ^Hemopericardium. Due to rupture of aneurysm into peri- 
cardial sac. (Courtesy Dr. H. C. Schmeisser.) 

Hemopericardimn. — ^Petechial hemorrhages of the peri- 
cardium are common in many toxic, infectious and asphyxial 
conditions. Actual hemorrhage into the pericardial sac 
(hemopericardium) may result from cardiac rupture follow- 
ing infarction, rupture of a saccular or dissecting aneurysm 
of aorta into the pericardium, or penetrating wounds of the 
pericardium. The effect depends upon the rate of hemor- 
rhage as well as on the amount. Acute hemorrhage with 
rapid accumulation in the sac of 200 or 300 c.e. may inter- 
fere with cardiac action and cause death (cardiac tampon- 
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ade). Slow leakage of a liter or more of blood into the sac 
may interfere less with the heart’s action. 

Acute Pericarditis. — ^Acnte pericarditis may be caused by 
rheumatic fever, pyemia, certain infectious diseases and 
spread from adjacent inflammations of pleura, hmg, medias- 
tinum, and myocardium. Mild pericarditis is usual over 
myocardial infarctions, and sometimes occurs in uremia. 
The exudate may be fibrinous, serofibrinous, or purulent. 
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When the exudate is predominantly fibrinous, movements of 
the heart form the fibrin into cords or villi, and the surface 
of the heart and parietal pericardium have a peculiarly 
shaggy appearance. 



Fig. 97. — Tuberculous pericarditis. Note the tremendous thickening 
of visceral and parietal pericardium, the massive caseation of the 
mediastinal lymph nodes, and the tuberculous areas in lung tissue. 
(Courtesy Dr. H. C. Schmeisser.) 

Tuberculous Pericarditis. — Tuberculous pericarditis is usu- 
ally due to extension from adjacent lung, pleura, or mediasti- 
nal lymph nodes. It is a chronic serofibrinous pericarditis, 
characterized by very marked thickening of visceral and 
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parietal layers. A thick layer of tuberculous granulation 
tissue, with organization and healing often results in firm 
pericardial adhesions. 



Fig. 98. — ^Adhesive pericarditis. Tlie pericardial sac has been opened, 
and the fibrous bands joining visceral and parietal pericardium are evi- 
dent. (Courtesy Dr. H. C. Sdimei'^ser.) 


Chronic Pericarditis and Pericardial Scars. — ^True chronic 
pericarditis is quite rare. More commonly seen are the scars 
or adhesions of a previous acute pericarditis. These scars 
are usually whitish irregular areas of fibrosis on the anterior 
surfaces of the ventricles and often called “soldier’s spots” 
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or “milk plaques/^ They represent areas of organized and 
scarred pericardial exudate. 

Adhesions between visceral and parietal layers of peri- 
cardium may vary from just a few bands to complete oblit- 
eration of the sac. Adherent pericardium does not give rise 
to cardiac hypertrophy, but it does embarrass cardiac action 
and may lead to congestive cardiac failure.^^ Entering veins 
are constricted, and increased systemic venous pressure, as^ 
cites, and hydrothorax develop. Similar progressive hyaline 
thickening and adhesions may involve the serosa over the 
spleen, liver, and undersurface of the diaphragm (Pick's 
disease) . 

Rheumatic Fever 

Rheumatic fever is a disease which seriously affects the 
heart and also involves arteries, joints, tendons, subcutaneous 
tissues, and the nervous system. It is usually acquired in 
childhood, and is widespread in temperate zones, but less 
common in warm climates. It is the chief cause of heart 
disease under 40 years of age. 

The etiology is still unsolved. It is apparently a low-grade 
infection, in which hereditary susceptibility plays a part. 
Much evidence has indicated the importance of hemolytic 
streptococcal infections, though the relationship is evidently 
not a direct one. The leading explanations have been that 
rheumatic fever is a manifestation of allergy or hypersensi- 
tiveness to hemolytic streptococci ; that it is due to a filtrable 
virus; or to a virus acting in s^ergy with other infectious 
agents, particularly streptococci. Experimental cardiac le- 
sions having basic similarities to those of rheumatic fever 
have resulted from anaphylactic hypersensitivity.^® 

Characteristic lesions of rheumatic fever are innumerable 
minute foci of injury to interstitial and supporting tissues, 
i.e., collagen and elastica. ,The heart and blood vessels espe- 
cially are susceptible, and cardiac involvement is particu- 
Iply fatal. In certain acute phases the inflammatory reac- 
tion may be exudative, but the important change is a degen- 
erative and proliferative type of reaction. In each tiny 
focus of injury there occurs a degenerative change in con- 
nective tissue, and proliferation of histioc 3 rtie cells, forming 
a ‘‘submiliary" granuloma. In their characteristic form, as 
may be seen in the myocardium, each of these minute nodules 
of proliferative inflammation is known as an Aschoff body. 
The eventual result is fibrosis. 

Rheumatic Heart Disease. — ^Death may occur during the 
acute phase of rheumatic fever, but most deaths occur years 
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Fig. 99. — ^Aschoff bodies in the myocardium. Note the perivascular posi- 
tion in the upper figure, and the cliaracteristic large dark cells. 
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after the acute attack and are due to valve deformities. The 
cardiac involvement is a pancarditis, i.e., pericardium, myo- 
cardium, and endocardium are injured. Pericarditis is im- 
portant mainly in acute phases; it is frequently associated 
with i^ammatory effusion. The myocarditis is character- 
ized by the presence of Aschoff bodies, and the development 
of areas of fibrosis. The myocardial fibrosis is due in part 
to involvement of coronary vessels as well as to fibrous 
change in Aschoff nodules and results in a weakened heart 
muscle. The endocarditis very commonly leads to mitral 
stenosis, and often to aortic stenosis, but only occasionally 
affects the tricuspid valve. These serious valvular deformi- 
ties along with .myocardial involvement result in a failure of 
the circulation. 



Pig. 100. — Kheuiuutic vegetations, mitial valve. (Courtesy Br. V. 
Moragues.} 


The Aschoff body, as it occurs in the myocardium, is an 
oval or elongated nodule of microscopic size, situated iuter- 
stitially between muscle fibers, and often adjacent to a small 
blood vessel. Swelling, degeneration, and fragmentation of 
collagenous fibers and the presence of Aschoff cells are char- 
acteristic features. The Aschoff cells are large, elongated, 
and irregular, often with multiple vesicular nuclei, and gran- 
ular basophilic cytoplasm. These proliferative cells are 
derived from histiocytes, or primitive resting mesenchymal 
cells. Lymphocytes, plasma cells, or even polymorpho- 
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nuclear leucocytes also may be present in acute phases. 
Gradual transformation of the Aschoff cells into fibroblasts 
results in a tiny fibrous scar in which lymphocytes may per- 
sist for many months. 

Rheumatic lesions occurring elsewhere than in the myo- 
cardium are composed of the same elements, but less regni- 
larly arranged and of different shape and distribution, and 
hence they are less easily recognized. 

Bheuiiatic Ensocabditis. — ^The mitral valve is involved 
in practically all eases of rheumatic carditis, the aortic in 
one-half, and the tricuspid in one-third of the cases. The 
earliest changes are in the subendothdial layers, with degen- 
eration of connective tissue and proliferative activity. The 
inflammation spreads throughout the whole valve substance, 
and histologically it diows edema, an esndate of macropha^, 
plasma cdk and lymphocytes, with occasional neutrophiles, 
and formation of young capillaries. The endothelium is de- 
stroyed. Vegetations form at the line of contact of the leaflets 
(i.e., areas of trauma), usually 1 to 5 mm. from the free mar- 
gin. These vegetations are multiple, firm, small, smooth, 
waity masses, which consist mainly of platdets and fibrin. 
Bacteria are absent. Being firm and not crumbly, they do not 
give rise to embolL Areas of hyalinization and necrosis 
devdop within the inflamed tissue. Healing of the inflam- 
mation results in a thick, distorted, retracted, and insufScient 
valve. Severe degrees of stenosis are a particularly common 
result in the mitral valve. Frequently the mural endocar- 
dium is also involved. The endocardium of the left auricle, 
just above the posterior leaflet of the mitral valve, is often 
thi<dkened and irregular. The microscopic picture is similar 
to that seen in the valves. Chordae tendmeae also are in- 
volved, and eventually become shortened and fibrous. 

Eztraoardiao Bhenmatlo Lesions. — ^“Growing pains,” a 
frequent minor manifestation of rheumatism in chil^en, are 
due to synovitis of the hamstring tendons. Hed pain is due 
to synovitis of the bursa of the Achilles tendon. Torticollis 
(wryneck) iUustrates involvement of muscles. Small sub- 
cutaneous nodules are often present and consist of d^^- 
erative and proliferative lesions, essentially similar to rheu- 
matic lesions dsewhere. 

In joint involvement (rheumatic polyarthritis) ^e syno- 
vial membranes are swollen and hyperemic. The increased 
fluid in the joint is cloudy but not purulent. Degmerative 
and necrotic changes and granulomatous formations are 
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present in deeper structures: these are similar to Aschoff 
bodies. Ankles, knees, and wrists are most often affected. 

Involvement of the nervous system, clinically called Sy- 
denham’s chorea (Saint Vitus’ dance), is a diffuse meningo- 
encephalitis which is rarely fatal. Aschoff bodies are not 
found in the nervous system, but one sees congestion and 
thrombosis of small vessels, endothelial proliferation, and 
perivascular round-ceU infiltration. 

Pleural involvement is very common in rheumatic fever. 
Eheumatie pleurisy is usually associated with effusion of 
sterile, serofibrinous fluid. Sometimes the exudate is highly 
fibrinous and heals with fibrous pleural adhesions. The lung 
may have characteristic rheumatic involvement of small 
blood vessels, hut a specific rheumatic pneumonia has also 
been described (see p. 363). 

Bacterial Endocarditis 

Bacterial infections of endocardium, which are in reality 
involvements of cardiac valves, form two groups of condi- 
tions which differ in their bacterial etiology, pathogenesis, 
clinical effect, and pathologic anatomy. They are commonly 
called acute and subacute bacterial endocaritis. The acute 
variety usually runs a rapid course of less than six weeks. 

Subacute Bacterial Endocarditis. — 

Etiology and Pathogenesis. — Subacute bacterial endocar- 
ditis (endocarditis lenta) is due to Streptococcus viridans in 
more than 95 per cent of cases, and in most of the remaining 
cases to the B. infiuemae. The focus of infection from which 
the organisms reach the heart usually is not obvious. Bacteri- 
emia is believed to occur by entrance of organisms from such 
foci as infected teeth or tonsils. Such mild and transient bac- 
teriemias are probably quite common, and other factors are 
necessary for the localization of the organisms on the valves. 
Previous damage to a valve, certain congenital cardiac ab- 
normalities, and platelet thrombi on the surface of valves are 
important predisposing factors. Subacute bacterial endocar- 
ditis is often superimposed on an old rheumatic valvular 
injury, or it affects congenitally bicuspid aortic valves.®"' ®*’ ®® 
Patency of the ductus arteriosus also appears to predispose 
to endothelial infection. 

The streptococci may gain a foothold on injured dr de- 
formed valves by infecting rheumatic vegetations, or by local- 
izing in _ nonbaeterial vegetations (degenerative verrucal 
endoeardiosis) which have been found to occur in a variety 
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of conditions.^*^’ The valvular vegetation forms a suitable 
medium for the multiplication of the organisms. While the 
organisms are of low virulence, they are so protected in the 
vegetations against the body's natural defenses, or therapeu- 
tic agents, that the disease almost invariably pursues a slow 
relentless course to a fatal termination. Healing and re- 
covery have been described only in rare cases, but penicillin 
therapy has given evidence of therapeutic effectiveness and 
justifies hope of cure in some cases. 

Cardiac Lesions. — The tendency to affect injured valves has 
already been emphasized. The mitral is most commonly in- 
volved, and the aortic next in frequency, with tricuspid and 
pulmonary lesions relatively rare. Vegetations form on the 
valves as warty or polypoid friable masses, from which por- 
tions are easily detached. They are more friable and detach- 
able than rheumatic vegetations, but are firmer and have less 
tendency to ulceration and valve destruction than the vege- 
tations of acute endocarditis. The vegetations are prone to 
extend, so as to involve mural endocardium and chordae 
tendineae. From the mitral valve the vegetations may spread 
up on the left posterior wall of the auricle. This involvement 
of mural endocardium assists in differentiation from acute 
endocarditis. Microscopically, the vegetations consist of 
masses of necrotic tissue with some fibrin, platelets and leuco- 
cytes covered by a layer of bacteria, lying on granulation 
tissue and possessing a fibrous base which merges with under- 
lying endocardium. Fibrin usually forms a protective mantle 
on the surface of the vegetation. Allen®® has presented evi- 
dence that the bulk of the vegetations consists of degenerated 
and inflamed valvular tissue, rather than thrombotic material 
derived from blood. 

Changes in the myocardium are usually slight and incon- 
stant. In some cases there are minute abscess-like areas in the 
myocardium, called Bracht-Wachter bodies. Subpericardial 
hemorrhages are quite common. 

Bxtracardiag Lesions. — ^Pathologic changes in organs 
other than the heart result from breaking away of small por- 
tions of the friable valvular vegetations. The effects of em- 
bolism give rise to a varied symptomatology. Embolism is 
evidenced in the kidney by hematuria and focal nephritis, in 
the spleen by pain due to infarction, in the skin by petechiae, 
in the retina by hemorrhages and blindness, in the brain by 
hemiplegia or other evidences of cerebral infarction, and in 
blood vessels themselves by the formation of mycotic aneu- 
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rysms. Due to the low virulence of the organisms, a suppura- 
tive reaction is uncommon in the embolic lesions. 

The renal lesion associated with subacute bacterial endo- 
carditis (embolic glomerulonephritis) usually has definite 
peculiarities. The smooth surface of the slightly swollen kid- 
ney is covered by punctate hemorrhages, so that they have 
been called ^‘flea-bitten kidneys.’’ Microscopically, the focal 
nature of the change is characteristic; only certain glomeruli 
are involved, and the rest are normal. 

While bacteriemia is usually demonstrable throughout the 
disease and is a useful feature in diagnosis, bacteria-free 
periods may occur, even though there are repeated emboli to 
various organs. 



Fig. 101. — Pneumococcic endocarditis. Large vegetations on the mitral 

valve. 


Acute Bacterial Endocarditis. — ^Acute bacterial endocar- 
ditis (ulcerative endocarditis) may be caused by the Strep- 
tococci hemolyticus, pneumococcus, Staphylococcus aureus, 
gonococcus, or rarely by other organisms. The endocarditis 
and septicemia, while rapidly fatal, are often but a complica^ 
tion of another serious conation, such as lobar pneumonia. 
Thus, unlike the subacute form, the primary focus of the 
infection is usually obvious. 

The mitral and aortic valves are most commonly affected, 
except in gonoeocoal infection which often involves the right 
side of the heart. The vegetations on the valves tend to he 
dense, large, friable, and with a tendency to ulceration and 
destruction of the valve. Actual perforation of a valve may 
occur. Spread to involve mural endocardium is less frequent 
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than in the subacute type of endocarditis. The vegetations 
consist of an outer layer of fibrin, beneath which is a densely 
staining mass of bacteria. Deeper zones are composed suc- 
cessively of leueoe3i;es, granulation tissue, and fibrous con- 
nective tissue. The embolic lesions, which are often numerous, 
tend to be suppurative. The termination, particularly in 
pneumoeoceic endocarditis, is often in purulent meningitis. 

Atypical Verrucous Endocarditis (Libman-Sa(^). — 
Warty mural and valvular vegetations, which represent 
neither the rheumatic nor bacterial types of endocarditis, 
have been described by Libman and Sacks, It is frequently 
associated with disseminated lupus erythematosus*' (see p. 
642 ). 

Valvular Deformities 

Deformities of cardiac valves result from a healed or 
chronic valvulitis, or occasionally are congenital maKorma- 
tions. The results of infiammation in the valves are seen as 
thickening, adhesions, retraction, and shortening of the 
leaflets. There may be a narrowing of the valve opening 
(stenosis) or closure of the valve may be insufficient, so that 
leakage (regurgitation) occurs through it. Valvular insuffi- 
ciency and stenosis may be produced by the same deformity. 
Valve deformities are common on the left side of the heart 
(aortic, mitral) but rare on the right side (tricuspid, pul- 
monary) . 

Aortic Stenosis. — ^Uncomplicated aortic stenosis is rare, 
but some stenosis may accompany the valvular changes caus- 
ing regurgitation. The valve leaflets are thickened, nodular, 
adherent, and often calcified. The change is most commonly 
rheumatic. The effect is to increase greatly the work of the 
left ventricle, which undergoes hypertrophy. 

Aortic Insuffld^cy. — ^Regurgitation through the aortic 
valve during diastole may result from dilatation of the 
aortic ring, or changes in the leaflets themselves. Dilatation 
of the ring may accompany dilatation of the rest of the 
heart, or it may be due to spread of syphilitic aortitis. 
Changes in the leaflets are commonly due to syphilis or rheu- 
matism. The leaflets may be simply adherent and flattened 
at the commissures, but often the whole leaflet is thickened, 
with rounded edges, and marked shorting and retraction. 
Diastolic regurgitation through the aortic valve is accom- 
panied by marked faU of systemic diastolic pressure and 
hence a high pulse pressure. Marked hypertrophy of the 
left ventricle results from the extra work. 
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Mitral Stenosis. — ^Mitral stenosis is one of the commonest 
valve deformities and almost invariably is due to rheumatic 
inflammation. Thickening, adhesions, and retraction of 
valve leaflets and chordae tendineae may produce all degrees 
of stenosis. The orifice may be narrowed to a tiny slit or 
button-hole.’’ The rigidity and retraction usually cause 
some insufficiency of the valve as well. 

Increased work of the left auricle will compensate for a 
mild mitral stenosis. A more severe uncompensated stenosis 
results in increased pressure and stasis in the pulmonary cir- 
culation and increases the work of the right ventricle. Thus, 
left auricular dilatation, chronic passive congestion of the 
lungs, and right ventricular hypertrophy constantly accom- 
pany any marked degree of mitral stenosis. 



Fig. 102. — ^Mitral stenosis. Button-hole valve opening. 


Mitral Insufficiency. — Regurgitation through the mitral 
valve is most often a relative insufficiency due to dilatation 
of the mitral ring accompanying a dilatation of the left ven- 
tricle. But insufficiency also may be due to shortening and 
retraction of the leaflets and chordae tendineae. If regurgi- 
tation is severe, one finds auricular dilatation, marked hy- 
pertrophy of the right ventricle, and moderate hypertrophy 
of the left ventricle. 
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Tricuspid Stenosis. — Tricuspid stenosis is rare but may 
result from rheumatic inflammation. 

Tricuspid Insufficiency. — Tricuspid insufficiency is usually 
due to dilatation of the right heart, 'with associated dilata- 
tion of the valve ring. 

Pulmonary Stenosis. — ^Pulmonary stenosis is due to con- 
genital deformity of the ring, rather than inflammatory scar- 
ring. It results in right ventricular hypertrophy. 

Pulmonary Insufficieni^. — ^Leakage through the pulmo- 
nary valve is very rare. It is usu^y due to dilatation of 
the right side of the heart. 

Heart Slock 

The rate and rhythm of contraction of the heart are con- 
trolled by a specialized muscular mechanism consisting of 
the sinoauricular node (Keith-Black), the auriculo ventricu- 
lar node (Tawara), and the auriculoventricular bundle, 
which divides into right and left bundle branches going to 
the respective ventricles. 

The sinoauricular node, "the pacemaker," is situated be- 
neath epicardium just below the entrance of the superior 
vena cava. The auriculoventricular node lies at the base of 
the interauricular septum, between the orifice of the coro- 
nary sinus and the membranous portion of the septum. This 
node is continued as the auriculoventricular bundle, which 
runs obliquely downward to the lower edge of the membra- 
nous portion of the interventricular septum, where it divides 
into right and left branches which proceed to the apices of 
the right and left ventricles. The blood supply of the 
auriculoventricular node and bundle and of a posterior di'ri- 
sion of the left bundle branch is from a branch of the right 
coronary. The right bundle branch and the anterior division 
of the left branch are supplied by vessels from the anterior 
descending di'vision of the left coronary. 

Lesions involving these specialized conducting tissues pro- 
duce partial or complete heart block, i.e., an interference 
■with tile proper conduction of impulses manifested by dis- 
turbances in the cardiac rhsrthm. Yateri® has studied the 
lesions associated with bundle branch block and finds that 
they are usually scars due to coronary artery disease or to 
rheumatic fever. The more common left bundle branch 
block is usually found with coronary sclerosis or in hyper- 
tensive hearts, while the rarer right bundle branch lesions 
are often the result of rheumatism. Usually both bundle 
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branches are affected, but one more seriously than the other. 
G-umma in the upper part of the interventricular septum is a 
rare cause of destruction of conducting tissue. 

Coronary Disease of the Heart 

The Coronary Circulation. — ^Right and left coronary ar- 
teries supply the heart, taking their origin from a protected 
position in the aortic sinuses of Valsalva. Tiny accessory 
openings occasionally occur adjacent to the main openings. 
The right coronary curves to the right in the aurieuloven- 
tricular groove as the right circumflex artery, and then de- 
scends in the posterior interventricular sulcus as the pos- 
terior descending branch. The right coronary supplies the 
posterior half of the interventricular septum, a portion of 
the posterior part of the wall of the left ventricle, tivo-thirds 
of the anterior portion of the right ventricle, and the right 
auricle. The left coronary early divides into circumflex and 
anterior descending branches. The circumflex branch sup- 
plies the left auricle and the left margin of the left ventricle. 
The anterior descending branch of the left coronary runs 
toward the apex in the anterior interventricular sulcus and 
supplies the anterior wall of the left ventricle, the left third 
of the anterior wall of the right ventricle, and the anterior 
half of the interventricular septum. 

In normal hearts anastomotic communications between 
coronary vessels are small, less than 40 microns in diameter, 
and these are probably of little functional significance.*’ 
However, when the, coronary supply is interfered with by 
arteriosclerotic narrowing or occlusion, anastomotic chan- 
nels develop and enlarge where needed, and they may meas- 
ure as much as 200 microns. Such anastomotic develop- 
ment may do much to compensate for arteriosclerotic changes. 

The thebesian veins are minute channels which open directly 
into the car^ac chambers. Under abnomal circumstances, 
flow in these channels may be reversed, and they may assist 
in nutrition of myocardium. Most of them open into the 
auricles, and more than 90 per cent are on the right side of 
the heart. Their assistance possibly contributes to the com- 
parative rarity of infarction of the muscle of atria or right 
ventricle, although the more direct course of branches sup- 
plying the right ventricle also may be a factor. 

Coromury Sclerosis. — ^Arteriosclerosis involving coronary 
vessels is of the atherosclerotic intimal type (see p. 229). 
Intimal fibrous thickening, lipoid deposits, and often calcium 
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deposition, all of which narrow the lumen of the vessel, are 
the main features. The larger vessels on or near the surface 
of the heart are particularly involved. Small arteries within 
the myocardium rarely show any marked sclerosis. The left 
coronary is usually more severely affected than the right. 

The intima of normal coronary arteries is without demon- 
strable vasa vasorum, but in and around atherosclerotic 
lesions may be found capillaries, some of which take their 
origin from the lumen of the artery. The importance of 
hemorrhage from these delicate channels in the initiation of 
coronary thrombosis has been emphasized by Paterson.®^ 

The etiology of coronary arteriosclerosis is obscure. He- 
redity, sex, and race are factors of importance. In women 
of young and middle ages coronary disease is seldom severe. 
Also in American Negroes, coronary arteriosclerosis is rela- 
tively mild. Hypertension appears to have no direct rela- 
tionship to coronary disease and the two conditions may or 
may not be found together. 

Coronary arteriosclerosis, by decrease of blood supply to 
the myocardium, causes ischemic degeneration and necrosis. 
Patchy areas of fibrous scarring develop throughout the 
myocardium. Similar scars may be produced by infectious 
diseases, toxins, or rheumatic fever, but in a great majority 
of cases, myocardial fibrosis is the result of coronary disease. 
When narrowing of coronary vessels or rigidity of their 
walls progresses to the point that coronary circulation is 
insufficient for the heart during periods of increased work, 
myocardial anoxemia results, and the individual may suffer 
the pain of angina pectoris. Such coronary insufficiency re- 
sults in myocardial damage, and when the insufficiency is 
severe, the acute myocardial damage may resemble an 
infarct. 

Myocardial fibrosis is often evident on the cut surface of 
the myocardium in the form of tiny, translucent, grayish- 
white patches which contrast with the brown color of the 
muscle. In microscopic preparations the small irregular 
areas of fibrosis are more readily seen. The heart shows no 
marked hypertrophy unless complicated by some other con- 
dition, such as hypertension. 

The effects of coronary sclerosis and myocardial fibrosis 
vary with their degree. Milder forms simply decrease the 
cardiac reserve, so that increased work by the heart, as from 
exercise, may cause dyspnea or cardiac pain (angina pec- 
toris). With severe degrees of coronary disease, the heart 
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may fail to meet the demands of the body even at rest, so 
that congestive circulatory failure results. The severest 
myocardial fibrosis is usually found in those patients who 
have ^ally developed congestive failure. 

Coronary Occlusion. — Complete blockage of a coronary 
lumen may result from (1) thrombosis, (2) progression of 
the arteriosclerotic process, (3) syphilis about the coronary 
openings, and (4) embolism. Most coronary occlusions are 
within 3 cm. of the openings of these vessels. Depending 
upon the location of the occlusion, the degree of anastomotic 
circulation available, and other factors, the result may be 
one of (1) sudden death, (2) myocardial infarction with 



Fig. 103. — Thrombus in small intramural coronary vessel. 


sequelae, or (3) simply additional myocardial scarring with- 
out clinical evidence of occurrence of the occlusion. Demon- 
stration of coronary occlusion at autopsy is most accurately 
accomplished by a roentgenographic picture of the heart 
following injection of radiopaque material into the coro- 
naries.®^’ The coronary arteries should be opened by cut- 
ting the vessels transversely at frequent intervals. Longi- 
tudinal slitting may displace a fresh thrombus. 

Coronary thrombosis is almost invariably on the basis of 
a coronary arteriosclerosis. Often it is only the final event 
blocking a lumen already greatly narowed. Paterson®® has 
emphasized the relation between intimal hemorrhage in a 
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sclerotic artery and thrombosis of the lumen. The intimal 
capillaries frequently found in atheromatous lesions are 
poorly supported by the surrounding soft atheromatous ma- 
terial. Also they are subjected to relatively high intra- 
capillary pressure as they may arise directly from the coro- 
nary lumen. Hence they are prone to rupture and the result- 
ing small hematoma may precipitate thrombosis, or by itself 


Fig. 104. — Mural thrombus, left veatricle. It is partially organized 
and attached to a thin area of myocardium, the site of an infarct. 
(Courtesy Dr. V. Moragues.) 

occlude the lumen. Paterson^® has presented evidence that 
the formation of coronary thrombi may be a gradual process, 
sometimes occupying several days before occlusion is com- 
plete. 

Although occlusion by arteriosclerotic thickening of the 
coronary wall is not infrequent, final complete blockage is 
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usually by thrombosis in the greatly narrowed lumen. This 
type of occlusion being gradual, an efficient anastomotic 
circulation tends to develop. Hence there may be no acute 
myocardial infarction and no clinical signs and symptoms, 
although marked scarring results. The great capacity of 



Fig. 105. — ^Early infaret of myocardium. Note the acute myocarditis, 
with, edema and infiltration of leucocytes. A mural thrombus over the 
infarcted area occupies the left portion of the upper figure. 
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anastomotic circulation for compensation in such cases has 
been emphsisized by Blumgart and his colleagues."’ 

Syphilis of the aorta when it involves the region of the 
coronary ostia may so narrow these openings as to interfere 
with coronary circulation in much the same fashion as does 
arteriosclerosis.®® 

Coronary occlusion by an embolus is relatively rare be- 
cause of the protected position of the coronary openings. 
"When coronary embolism occurs, it is usually due to a frag- 
ment of vegetation from the adjacent aortic valve. 

In a small proportion of cases coronary occlusion causes 
sudden death. This occurs when a sufBciently large area of 
myocardium is rendered ischemic. The mechanism of death 
is by ventricular fibrillation or asystole. In such eases a 
myocardial infarct is not found, because there has been no 
time for it to develop. 

Myocardial Infarction. — Myocardial infarction is usually 
accompanied by prolonged substemal oppression or pain, 
shock, electrocardiographic changes, fever, leucocytosis, and 
increased sedimentation rate. The pathologic changes in an 
infarct of the myocardium have much in common with in- 
farcts elsewhere, but certain features are peculiar because 
of the nature and function of the heart. The relative infre- 
quency of infarction involving auricles or right ventricle 
has been mentioned. 

MacCallum and Taylor" have pointed out the character- 
istic position occupied by the myocardial changes following 
coronary occlusion. Occlusion of the anterior descending 
branch of the left coronary produces scarring of the anterior 
part of the interventricular septum, and the apical and an- 
terior part of the wall of the left ventricle. Obstruction of 
the circumflex branch of the left coronary affects the wall 
of the left ventricle in its median portion and does not in- 
volve the septum. Obstruction of the right coronary pro- 
duces scarring which involves the posterior half of the inter- 
ventricular septum, extending backward behind the papil- 
lary muscles of the mitral valve, to curve around on the pos- 
terior part of the wall of the left ventricle. 

While these are the usual and typical areas of myocardial 
infarction, the location of the coronary occlusion and the 
site of infarction do not have a constant relationship. Blum- 
gart and his colleagues have demonstrated ‘infarction at a 
distance,” due to sudden obstruction of one coronary, the 
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anastomotic circulation from which was instrumental in main- 
tenanee of adequate nutrition in an area normally supplied 
by another coronary. 

The appearance of an infarct of the myocardium varies 
with its age. A visible infarct does not have time to develop 
if death rapidly follows coronary thrombosis. In early 
stages an infareted area may be dark red or hemorrhagic in 
appearance. Later there appears a mottling of yellowish 
opaque areas of necrotic muscle in the dark red tissue. 
Microscopically the necrotic muscle fibers appear swollen, 
hyaline, and lose their striations and nuclei. Leucocytes 
abundantly infiltrate the area. The infareted area under- 
goes softening (myomalacia cordis), which may result in 
thinning and aneurysmal dilatation of the area, and some- 
times rupture. Rupture is most common in the first week 
and is rare after the second week. Localized pericarditis 
is present over the area of infarction, and mural thrombi 
form on the injured endothelium lining the region of in- 
farction. 

The healing of myocardial infarcts has been described by 
Mallory, White, and Salcedo-Salgar." Necrosis of muscle 
and leucocytic infiltration are predominant features of the 
first week. In the second week one sees removal of necrotic 
muscle and replacement by connective tissue. This is evi- 
dent grossly as a zone of red, depressed tissue surrounding 
pale brown areas of necrotic muscle. The new connective 
tissue lays down increasing amounts of collagen until the 
area is converted into a firm, grayish, fibrous scar. Tliis 
process appears to be complete in five to eight weeks, de- 
pending on the size of the infarct. 

The complications which may follow myocardial infarc- 
tion include (1) rupture of the heart with rapid death, (2) 
mural thrombi which may give rise to embolism, and (3) 
congestive circulatory failure due to insufficient healthy 
muscle remaining to carry on the work of the heart. 

Hypertrophy of the Heart 

Increase in size of the heart is the result of increased work 
thrown upon the organ. The increase in size is due to en- 
largement of the individual muscle fibers and not to increase 
in their number. H^erplasia and regeneration of muscle 
fibers do not occur in the adult heart. Hypertrophy is 
often, but not always, accompanied by dilatation. 




Fig. lOG. — Hypertrophy of left Tentriele. chronic hypertension. Note 
excessive thickening of wall of left ventricle, as compared with wall of 
right ventricle. The heart has been cut transversely through the ven- 
tricles. 


When an unusual amount of work is thrown upon the 
heart muscle, it attempts to compensate by enlargement of 
the muscle fibers. The portion of the heart which hyper- 
trophies is determined by the location of the circulatory ob- 
struction against which it must work. Hypertrophy of the 
left ventricle resuKs from: (1) Hypertension, either pri- 
mary or associated with chronic glomerulonephritis; (2) 
aortic regurgitation or stenosis; (3) mitral regurgitation; 
(4) coronary sclerosis. Hypertrophy of the right ven- 
tricle is caused by: (1) mitral stenosis; (2) pulmonary 
stenosis or regurgitation; (3) increased resistance in the 
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pulmonary circulation (cor pulmonale) e.g., from emphysema 
or marked pulmonary arteriosclerosis; (4) coronary sclero- 
sis/“ Also, failure of the left ventricle throws increased 
work on the right ventricle and may cause hypertrophy. 

In infants there occasionally occurs an “idiopathic” hy- 
pertrophy, which is due to excessive glycogen content of the 
myocardium. This condition is related to von G^ierke’s 
glycogen storage disease. 

Hypertensive Heart Disease 

Peripheral hypertension produces hypertrophy of the left 
ventricle due to its increased load. The hypertension is a 
disturbance of peripheral arterioles, however, and the car- 
diac effects are secondary. Coronary arteriosclerosis or 
other cardiac lesions are not infrequency associated. Even- 
tually the heart may be unable to cope with its increased 
work, so that dilatation and congestive circulatory failure 
result. Congestive heart failure causes a considerable propor- 
tion of deaths from hypertension. 
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Dilatation of the Heart 

Some dilatation of cardiac chambers precedes and accom- 
panies hypertrophy. In addition, an acute dilatation may 
result from toxic effects on the myocardium, as in diph- 
theria. Dilatation usually accompanies a failing heart. A 
localized dilatation may occur in a weakened area of in- 
farction. 


Fragmentation of Myocardium 

The heart muscle fibers are often seen in microscopic sec- 
tions to be transversely broken at irregular intervals. The 
change is apparently an agonal occurrence and is not of 
significance. 

Myocarditis 

Myocarditis is an important part of rheumatic fever. 
Acute myocarditis is frequently associated with bacterial 
endocarditis. The patchy fibrosis of the myocardium asso- 
ciated with coronary disease is often termed chronic inter- 
stitial myocarditis. These types of myocarditis, as well as 
s^hilitic myocarditis, are considered elsewhere. Serum 
sickness has been reported to have an associated myocar- 
ditis.^® Interstitial myocarditis with prominent eosinophiles 
may follow sulfonamide administration (see p. 186). 

Toxic myocarditis (parenchymatous myocarditis) is an 
acute degenerative' change in cardiac fibers due to severe 
acute infections such as diphtheria, typhoid fever, and pneu- 
monia.^® The changes in the muscle fibers may be cloudy 
swelling, fatty, hydropic or hyaline degeneration. Severe 
degenerative changes may proceed to actual necrosis of some 
muscle fibers. 


Fatty Degeneration of the Heart 

In fatty degeneration, fat appears in heart muscle fibers, 
where normaUy none is demonstrable. It may affect par- 
ticularly the endocardial portion of the muscle, so that the 
abnormal fatty deposits are seen on the inner surface of the 
heart as a mottling of pale and yellowish flecks and irregu- 
lar stripes — ^the so-called thrush-breast appearance. This 
type of fatty degeneration is particularly characteristic of 
severe anemias. The heart also may be involved by a more 
generalized fatty change, in which the whole organ is pale 
and flabby. Various acute infections and toxic processes 
tend to produce this latter type of lesion. 
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Patty Infiltration of the Heart 

Fatty infiltration refers to an abnormal amount of fat in 
subepicardial tissue, with penetration of the fat between 
muscle bundles. The right ventricle is most affected. The 
muscle fibers become atrophic and disappear, with replace- 

\ 
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ment by fatty tissue. Mild degrees are quite common in as- 
sociation with obesity. In rarer cases in which the fatty 
infiltration is severe, it may interfere with function and even 
be a cause of death. 


Cardiac Failure 

Failure of adequate circulation or cardiac decompensation 
is a condition in which cardiac output is too low for meta- 
bolic needs and in relation to venous return. A number of 
interrelated bodily changes occur, those most clearly evident 
anatomically being edema, accumulation of fluid in serous 
cavities, and chronic passive congestion of various organs 
such as liver, spleen, kidneys, and lungs. The heart itself 
becomes dilated. 



Fig. 109. — Primary myxomatous tumor projecting into left atrium. 


The edema of cardiac decompensation is probably due to 
the operation of a number of factors, among which elevated 
venous pressure, changes in capillary and lymphatic func- 
tion, and excessive sodium chloride intake are frequently of 
importance^® (see p. 62). 

Sudden death occasionally occurs,®® probably of cardiac 
origin, but without any demonstrable anatomic changes. 


274 


SYNOPSIS OF PATHOLOGY 


Some of these possibly are due to a reflex inhibition of the 
heart. Eaab*® has suggested that excessive accumulation of 
adrenalin or related substances in the heart muscle may ex- 
plain some eases of sudden death as well as other functional 
changes of the myocardium. 

Tumors of the Heart 

Both primary and secondary tumors of the heart are rare. 
A congenital striated muscle tumor (rhabdomyoma) is seen 
chiefly in infants, often in association with tuberous sclero- 
sis. The myocarial fibers forming the tumorlike nodules are 
distended with glycogen, and it is doubtful that the con- 
dition represents a true neoplasm.®® In adults the common- 
est primary tumor is a polj^oid mass arising from one atri- 
um, projecting into the atrial cavity, and predominantly of 
myxomatous or angiomatous microscopic structure.®^* While 
some such atrial polypoid masses are organizing thrombi, 
others appear to be true neoplasms, and malignant examples 
have occurred. Malignant melanoma is one of the more fre- 
quent types of metastatic tumor. 
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CHAPTER XIII 


THE KIDNEYS, URINARY TRACT, AND MALE 
GENITALIA 

KIDNEY 

Cardiovascular renal disease is a term used broadly to in- 
clude the vascular and inflammatory disorders of the kid- 
neys, associated vascular lesions of other organs, and the ef- 
fects on the heart and brain. Collectively, this group of 
conditions causes about one-third of all deaths and is the 
cause of death in one-half of individuals over 50 years of 
age. Little is known about etiology, prevention, or effective 
treatment. 

The kidneys play an essential part in this group of con- 
ditions. The renal lesions are of two main tj^es : (1) inflam- 
matory, with primary involvement of glomeruli (glomeru- 
lonephritis) ; and (2) vascular, with primary involvement 
of arterioles and small arteries, associated with high blood 
pressure (arteriolar nephrosclerosis, essential hypertension). 

Renal Structure and Function 

The kidneys are composed of units (nephrons), each con- 
sisting of a glomerulus and its associated tubule. A normal 
human kidney contains about 1.25 million nephrons, sufficient 
for a considerable reserve. The glomerulus is a collection 
of capillaries covered by epithelium continuous with that 
lining the tubule, A thin basement membrane separates the 
epithelial covering of the glomerular capillaries from the 
endothelial lining. The total surface of a glomerular tuft is 
very large, and their aggregate surface is enormous. The 
glomerulus acts as a filter, and from blood flowing through 
its capillaries a protein-free filtrate of the plasma collects 
in the glomerular space and flows down the tubule. Dur- 
ing this tubular passage there is active resorption of water, 
glucose, chloride, sodium, and other substances. Active 
secretion by tubules of certain substances, notably creatinine 
and ammonia, may also occur. For this mechanism to func- 
tion normally in the nephron there must be (1) a free flow 
of blood through the capillaries of the tuft; (2) a normal 
filter, i.e., water, salt, urea, and other waste products must 
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be allowed to filter through, but certain substances such as 
plasma proteins held back; (3) a normal epithelial lining of 
the tubule and an unblocked lumen. Lesions in the ki£iey 
can produce functional disturbance by three corresponding 
types of qualitative change. Each may occur alone, but 
combinations of varying degrees of each are the usual oc- 
currence. The large numerical reserve of identical units is 
such that a fraction of their number can maintain adequate 
function.^ Consequently, functional changes in relation to 
renal lesions must be considered on a quantitative as well 
as a qualitative basis. Wlien functional deficiency occurs in 
chronic glomerulonephritis and nephrosclerosis, values for 
urea and creatinine clearance are closely correlated with the 
number of functioning glomeruli. 



Fig. 111. — ^Phosphatase in kidney. Black areas (left) indicate site 
of phosphatase in tubular epithelium, with control stain of same area 
(right). 


The vessels of the glomerular tuft, after forming the ef- 
ferent arteriole, again break up into capillaries wMeh sup- 
ply the tubule. Hence, obstruction of flow through the 
glomerulus also interferes with tubular blood supply. De- 
struction of a glomerulus usually results in atrophy and dis- 
appearance of the corresponding tubule, although aglomeiu- 
lar tubules have been demonstrated by Oliver.^ Glomeruli 
do not regenerate. No new glomeruli are formed during 
adult life, though some compensation may result from hyper- 
trophy of those remaining. Tubular epithelium, on the 
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other hand, regenerates readily. Hence injurious agents 
which affect the tubular epithelium alone, e.g., mercury 
bichloride, lead either to death of the individual or to com- 
plete recovery, i.e., the injury is neither chronic nor progres- 
sive. Following injury, regenerated tubular epithelial cells 
may have an atypical flattened form and are more resistant 
to injury.® 

The presence of alkaline phosphatase may be demonstrated 
in renal tissue by a specific histochemical stain. The en- 
zyme probably has a role in tubular reabsorption of sugar 
by dephosphorylating hexose phosphates. Decrease of phos- 
phatase is found when there is disturbance of tubular func- 
tion, as in hydronephrosis.® 

Glomerulonephritis 

In glomerulonephritis the lesion is primarily an inflam- 
mation affecting glomerular tufts. This is manifested by 
(a) proliferation of glomerular and capsular epithelium, (b) 
proliferation and swelling of capillary endothelium, (c) 
thickening of basement membranes, (d) formation of intra- 
capillary fibers, and (e) exudation of leucocytes. Either 
proliferative activity or exudation may be the predominant 
change. Diffuse involvement of glomeruli is usual, but focal 
changes may occur as the result of infected emboli. The 
glomerular changes result in narrowing or complete closure 
of the capillaries of the tuft. The condition progresses to 
hyalinization and disappearance of the glomeruli. Second- 
ary degenerative changes in tubules are constantly present. 

The exact cause of glomerulonephritis is unknown, but it 
appears to be related to infection, particularly with strep- 
tococci. Acute glomerulonephritis is frequently preceded 
by an attack of tonsillitis, scarlet fever, or other streptococ- 
cal infection. An allergic reaction of renal tissue to bacteria 
or their products has been suggested as the exciting cause.* 

Diffuse glomerulonephritis may be subdivided into acute, 
subacute, and chronic forms. The acute form is more com- 
mon in children, lasts only a few weeks, and may entirely 
clear up, or progress to subacute or chronic forms. The sub- 
acute type lasts several months, and the chronic form may 
last many years, often with long periods of latency. The 




Plate Vm—Eenal lesions: 1 and B. Acute glomerulonephritis. S, 
Acute interstitial nephritis. 4, Transfusion reaction. 5. Amyloidosis. 
5. Hyaline droplet degeneration of tuhules. 
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subacute and chronic forms are relentlessly progressive con- 
ditions leading eventually to failure of renal function, the 
final stage presenting a condition referred to as uremia. 




Eig. 112. — Acute glomerulonephritis. (Courtesy Dr. H. C. Schmeisser.) 

Acute Diffuse Glomerulonephritis. — ^In acute glomerulone- 
phritis the kidneys are swollen and pale, with smooth sur- 
faces on which tiny hemorrhages are sometimes visible. Mi- 
croscopically, the glomeruli appear enlarged, cellular, and 
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bloodless. Their apparent increase of nuclei is mainly the 
result of endothelial proliferation, but leucocytes are often 
numerous. Small hyaline intracapillary fibers are demon, 
strable by an azo-carmine stain. They increase in size and 
number, eventually resembling collagen fibers.® Capillary 
thrombi may be present. The effect of all these changes is 
to impede or entirely obstruct the fiow of blood through the 
glomeruli. This results in diminished urinary output (oli- 
guria), some hypertension, and leakage of albumin and red 
cells through the glomerular filter into the urine. Tubular 



Fig. 113. — ^Acute glomerulonephritis. Note the large size and maiked 
cellularity of the glomeruli. 

changes are usually present as a hyaline droplet degenera- 
tion when the inflammatory changes are severe, and as fatty 
degeneration when the changes are milder. The tubular 
lesions are due partly to decrease of their blood supply by 
the glomerular changes, and in part result from a direct 
toxic action. Severe involvement of a large proportion of 
glomeruli results in death. Otherwise, there is recovery or 
progression to subacute or chronic phases. 

Subacute Glomerulonephritis. — Glomerulonephritis termi- 
nating in uremia in the course of a few months is usually 
referred to as subacute. The kidneys are enlarged, pale, 
and soft ('‘large white kidney’O* There may be some slight 
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irregularity of the surface and some adherence of the cap- 
sule. Microscopically, there is fairly uniform involvement 
of all glomeruli, with frequent and prominent capsular 
crescents^' due to proliferation of capsular epithelium. Ad- 
hesions of tuft to capsule are common. Hyalinized glomeruli 



Fig. 114. — Subacute glomerulonepHntis. Note the glomerular crescents 
due to proliferation of capsular epitheUum. 
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are absent or rare. Moderate uniform tubular atrophy is 
present, and many tubules contain casts. Interstitial con- 
nective tissue may appear increased. 



Fig. 115. — Clironic glomerulonepliritis. Note the granularity of the 
outer surface, and the irregular narrowing of the cortex. (Courtesy 
Dr. H. C. Sclxmeisser.) 


Chronic Crloxnerulonephritis. — Chronic glomerulonephritis 
ends by failure of renal function. It may result from an 
acute diffuse glomerulonephritis which progresses to a 
chronic phase. In such cases the history may be one of in- 
fection, an acute attack of nephritis, progression to a chronic 
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phase and termination, all in a relatively short period. More 
frequently there is no history of an acute attack, because 
acute phases were mild and passed unnoticed. The condition 
may progress over many years, with little clinical evidence 
except a slowly progressive decrease of renal function. In 
other cases there are long latent periods of apparent health, 
punctuated by mild acute flare-ups. The end result in each 
case is similar, vdth failure of renal function terminating in 
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Fig. 116. — Chrome glomerulonephritis. Note the cellular glomerulus with 
capsular adhesions, and hyaline casts in tubules. 

The failure of renal function is manifested by decreasing 
ability to concentrate the urine, until there is a fixed specific 
gravity near 1.010, corresponding to that of blood plasma. 
The dilute urine is excreted in large amount, resulting in 
polyuria and nocturia. Albumin and casts are present in the 
urine, but in small or moderate amounts. High blood pres- 
sure develops and increases with the progression of renal 
failure. Failure to excrete nitrogenous waste products is 
reflected in an increase of nonprotein nitrogen and urea in 
the blood. Termination occurs with the clinical syndrome 
known as uremia. 

The kidneys are small, contracted, and firm. Their cap- 
sules are tightly adherent, and the outer surfaces are roughly 
and irregularly granular and pitted. The cortices are irreg- 
ularly narrow^ and scarred, with loss of normal architecture 
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markings. Microscopically, a lai*ge proportion of glomeruli are 
partially or completely changed into hyaline masses. Many 
tubules are atrophic or have disappeared, and the amount of 
connective tissue between the tubules and glomeruli shows 



Pig. 117. — Chronic nephritis. Upper: Chronic glomerulonephritis. 
ITote the capsular adhesions of the glomerular tuft, and the thiwening 
of blood vessels. Lower: Chronic nephritis, from a case of renal 
dwarfism. Note that tubules are scarce, and the scarred glomeruli form 
rounded hyahne masses. 
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a great relative increase. Some tubules and glomeruli are 
permeable and apparently functioning, though none may be 
completely normal. Medium-sized and small arteries com- 
monly develop intimal and medial proliferation and thick- 
ening. Renal ischemia due to the glomerular and vascular 
changes results in the hypertension of chronic nephritis. In 
some eases the gross and microscopic changes of chronic 
glomerulonephritis are not readily distinguishable from 
those of the primarily vascular condition, hypertensive 
nephrosclerosis. 

More severe vascular changes, particularly cellular intimal 
proliferation and arteriolar necrosis, are associated with ac- 
celerated progress of the disease in late stages. Such cases 
clinically may simulate ^'malignant hypertension,’’ with very 
high blood pressures and retinal lesions.® 

Uremia. — ^Uremia is the complex clinical condition mark- 
ing the final stage of renal insufficiency. No particular sub- 
stance or toxin” is known to be causative, but it is prob- 
ably an autointoxication due to retention of various metabolic 
products ordinarily eliminated by the urinary mechanism.^® 

Failure of function is denoted by inability of the kidneys 
to produce a concentrated urine and to adapt to increased 
work. In final stages of failure the specific gravity of the 
urine tends to be fixed about 1.010, the urine being practi- 
cally isotonic with serum. Urea, creatinine, uric acid, sul- 
fate, chloride, ammonia, and phosphate are retained. The 
hydrogen-ion concentration of the urine can no longer be 
varied to suit the body’s need, and there is frequently a 
retention acidosis which may be lessened by increased 
breathing and loss of acid through vomiting. Blood phos- 
phorus increases greatly and calcium falls, resulting in 
nervous hyperirritability and muscular twitchings. Convul- 
sions may occur when the uremia is associated with hyper- 
tension. 

Other than the damaged kidneys, there are no constant 
anatomic changes in uremia. Edema of the brain is com- 
mon. A mild sterile pericarditis is occasionally present, and 
degenerative changes have been described in outer portions 
of myocardium. Necrotizing colitis is an occasional occur- 
rence in uremia (see p. 478). 

In occasional cases of widespread renal damage there is 
excessive loss of water, sodium and chloride. This is an 
electrolyte disturbance resembling that of Addison’s disease 
(adrenal cortical deficiency— see p. 547), which may be simu- 
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lated clinically. However, such "‘salt-losing nephritis is 
not benefited by adrenocortical hormone.^^ 

Benal Edema. — Edema in nephritis is influenced by two 
factors: (1) loss of plasma albumin and (2) salt retention. 
The albuminuria is due to increased permeability of the 
glomerular tufts, and the protein loss decreases the osmotic 
pressure exerted by plasma colloids to hold fluid within the 
vessels. The sodium chloride retention is due to lessened 
ability of the damaged kidney to excrete it. Lowering of 
plasma albumin is the more important factor. Edema tends 



Fig. IIS. — Emtolic glomeruloiLephritis. Petechial hemorrhagic areas 
are to be seen on the surface of kidney. 

to appear when plasma protein is lowered to 2.5 per cent 
(normal is about 4 per cent) . Loss of albumin is particu- 
larly important, because it exerts four times the osmotic 
force of globulin. In the so-called ^"nephrotic'' types of 
renal disease a massive albuminuria and severe edema go 
hand in hand (see p. 300). 

The distribution of edema in nephritis is often independ- 
•ent of gravity and may appear first on tihe face rather than 
in dependent parts. The edema fluid has a very low protein 
‘Content and low specific gravity. 
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Vascular Disease of the Kidney 

Sclerosis of renal arteries and intrarenal vessels is ex- 
tremely important because of the association of these changes 
with high blood pressure. Ischemic renal tissue releases into 
the blood stream a pressor substance which produces hyper- 
tension by constriction of peripheral vessels. Hypertension 
may be the result of atherosclerosis of a renal artery in those 
rare instances in which the lumen is constricted sufSciently 
to cause renal ischemia.^ In the usual ease of h3pertension, 
however, renal ischemia is associated with sclerosis of the 
smallest arteries or arterioles of the kidney- Sclerosis of the 
larger arteries within the renal substance is usually irregu- 
lar and not generalized in its distribution. Hence it rarely 
results in ischemia of sufficient renal tissue to produce hy- 
pertension, nor is there enough destruction to cause renal 
failure. It produces a few large, gross scars, similar to 
healed areas of infarction. Because it is a common finding 
in the elderly, such a kidney is called a ‘‘senile arteriosclerotic 
kidney.*’ 

The Senile Arteriosclerotic Kidney (Atherosclerotic Ne- 
phrosclerosis). — The atherosclerotic involvement of larger 
and medium-sized intrarenal arteries is a patchy change 
which results in irregular depressed areas on the kidney sur- 
face. The kidney is not much decreased in size unless there 
is some other pathologic change. Microscopically, fibrous 
replacement of glomeruli and tubules is present in the scarred 
subcapsular portions of the cortex. There is some cellular 
infiltration by lymphocytes and plasma cells. These changes 
in the kidney rarely are associated with any marked hyper- 
tension or renal functional failure. 

In some cases an atherosclerotic lesion of a renal artery, 
usually at or near its aortic opening, sufficiently narrows 
the lumen to produce renal ischemia and hypertension. 

Hypertension. — Oases of high blood pressure commonly 
are divided into “secondary” and “essential” types. The 
less common secondary type is the result of glomerulone- 
phritis, or of an adrenal or pituitary tumor. The common 
“essential” hypertension was so called because there seemed 
to be no primary lesion. It has been recognized that 
renal arteriolar sclerosis is an almost constant post-mortem 
finding in essential hypertension. Moritz and Oldt^® have 
indicated the reasons for considering this a primary change, 
rather than the result of hypertension. The arteriolar sclero- 
sis is often a generalized change, particularly common in 
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spleen, pancreas, adrenals, and brain, but it is only in the 
kidneys that arteriolar sclerosis and hypertension seem to be 
closely associated. However, biopsy of the kidneys in hyper- 
tensive patients has shoTO that as many as 28 per cent may 
have little or no vascular ehange.^^ 

The importance of renal vascular changes in hypertension 
has been shown by Goldblatt, who produced renal ischemia 
by means of a clamp on the renal artery. It was demon- 
strated that the ischemic renal tissue released a pressor sub- 
stance into the circulation, which by constrictive action on 
peripheral vessels produced hypertension. 

A pressor substance ‘ renin has been extracted from 
renal tissue. It is a thermolabile, enzyme-like substance 
which requires for its activity a protein-like substrate pres- 
ent in normal serum ^renin-activator ’0* The product of 
their interaction ('^angiotoniu’O produces a prolonged rise 
in blood pressure.^®’ As a possible origin of pressor sub- 
stance, the '‘juxta-glomerular’’ or ‘'preglomerular cellular 
apparatus’ ’ has been suggested. This is a collection of granu- 
lar cells in the afferent arterioles of the glomeruli. While 
these cells have been noted to increase in number and prom- 
inence in experimental hypertension in animals, there ap- 
pears to be no parallelism between the degree of development 
of these cells and hypertension in man.^® 

Essential hypertension has been divided into “benign” 
and “malignant” clinical types. They appear to be funda- 
mentally the same in nature. The “malignant” form more 
commonly occurs in young adults. It is more rapidly pro- 
gressive and has severer lesions, but it is of the same general 
type, and death usually results from renal failure. Patho- 
logically, the malignant form is characterized by necrosis in 
the walls of small arteries and arterioles, and small hemor- 
rhages from the severely damaged vessels. These necrotizing 
vascular changes can be reproduced experimentally by renal 
ischemia sufficient to cause renal failure. 

Common causes of death in hypertension are cerebral 
hemorrhage, renal failure (uremia), congestive heart failure, 
and coronary occlusion. Cardiac hypertrophy (left ventricle) 
is a constant finding in cases of hypertension. Eetinal 
changes^^ are also a constant part of hypertensive disease and 
consist of sclerosis of small retinal vessels, small hemorrhages, 
and edema. In the malignant phase retinal changes are 
severe and may result in blindness. 

The basic causation of hypertension is still unknown. He- 
reditary and racial tendencies are important. The American 




Fig. 119. — Arteriolar nephrosclerosis. From a case of severe hyper- 
tension. Note the extreme hyaline thickening of tlie arfeiiolar wallb^ 
and also the glomerular changes. 
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Negro has hypertension more frequently and in severer form 
than white people in the same climate.^® Body build and, to a 
lesser degree, obesity seem to have some association with 
hypertension.*® 

The Kidney op Hypertension (Arteriolar Nephrosclero- 
sis) . — ^In hypertension the most constant finding in the kidney 
is a sclerosis of arterioles. Often the smallest preglomerular 
vessels show the change most severely in the portion just 
proEimal to the tuft. In many cases ^e kidneys are of nor- 
mal size and have smooth surfaces. With more severe or pro- 
longed hypertension any degree of atrophy may be found. 



Fig. 120. — ^Sidney o£ malignazit hypertension, ^ showing focal hemor- 
rhages from arterioloneorosis. 


The capsules are adherent, and the outer surfaces of the kid- 
neys present a finely granular and scarred appearance. Tiny 
retention cysts are often present in the cortex. For su<^ 
changes of vascular origin, the term “primarily contracted 
kidney” is used to distinguish it from the “secondarily con- 
tracted kidney” of glomenilonephritis. In practice it is often 
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impossible to distinguish grossly the contracted kidney of 
hypertensive nephrosclerosis from that of chronic glomerulo- 
nephritis. 

In malignant hs^pertension the kidneys often show but little 
atrophy, due to rapid progress of the disease. Small hemor- 
rhages on the outer surface of the kidney may cause it to 
resemble the "flea-bitten” kidney of embolic glomerulone- 
phritis. 

Microscopically, the essential lesion is a sclerosis of small 
arteries and arterioles (see p. 231). The effects of the vas- 
cular changes are reflected in the glomeruli, which early 
show a thickening of the capillary basement membranes, and 
later varying degrees of hyalinization and atrophy. Glomer- 
ular capsules as well as tufts become thickened and hyaUn- 
ized. The atrophy of glomeruli and associated tubules pro- 
duces the renal dirinkage. 

In malignant hypertension the important change is an 
acute necrotizing arteriolitis and arteritis. The patiliologie 
findings differ somewhat, depending on whether the hyper- 
tension was malignant from the beginning, or a benign hyper- 
tension with a superimposed malignant terminal phase. In 
the latter case, varying chronic changes with hyalinization 
and atrophy of glomeruli'are present, but in addition to the 
usual arteriolar sclerosis, one sees a hyaline necrosis of vessel 
walls, some inflammatory cellular infiltration and often hemor- 
rhage about severely injured vessels. The hyaline necrotic 
changes may extend to involve glomerular capillaries as well 
as arterioles and small arteries. 

In end st^es with marked renal contraction, it is often 
difficult to distinguish chronic glconmrulonephritis and arterio- 
lar nephrosclerosis, even by microscopic examination. Re- 
maining traces of a proliferative inflammatory procesi^ e.g., 
glomerular crescent^ must be searched for as a distinguishing 
feature. 

'While most cases of hypertension are associated with vascu- 
lar and re nal diseases, a few are due to involvement of endo- 
crine glands or nervous system. Cushing’s syndrome (pitui- 
tary basophiliaoi), tumors of adrenal gUmds, and diseases of 
the brain stem may be associated with high blood pressure. 

Orthostatic Albuminuria. — Orthostatic albuhmuria is a 
clinical condition in which there is urinary excretion: of al- 
bumin when the individual is erect, bnt not when lymg 
down. Apparently it is due to circulatory changes with 
variation, of position: Abnormalities described in such cases 
include (1) compressioa of the left renal veiu. between the 




rig. 122. — Cortical necrosis of kidney. A reddened congestive zone 
outlines the opaque necrotic cortical tissue. 
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superior mesenteric artery and the aorta, (.2) mobile kidneys, 
and (3) reduplicate ureters and pelves. 

Bilateral Cortical Necrosis of the Kidneys. — There is an 
unusual condition of extensive necrosis of the peripheral 
layers of renal cortices which is of unknown etiology, but’ 
sometimes associated with toxemias of late pregnancy, or 
acute infections. A similar condition results from poisoning 
by dioxane or diethylene glycol, or from choline deficiency 
in experimental animals. The chief clinical feature is oli- 
guria, and death usually results in a few days. The mecha- 
nism is a disturbance in the terminal arteries and arterioles 
of the renal cortex. Because of ischemia irregular areas of 
necrosis involve the cortical portions of both kidneys. The 
surface is mottled by patchy opaque areas of reddish-yellow 
color and soft consistency. The microscopic appearance is 
similar to that of infarction, with a zone of congestion and 
leucocytic infiltration about the margin of the necrotic 
areas.^®’ 



Pig. 123. — Diabetic intercapillary glomerulosclerosis. (U. S. Army 
Medical Museum, courtesy Major Arthur 0. Allen.) 

Intercapillary Grlomenilosclerosis. — This characteristic 
glomerular lesion occurs in one-third of diabetics over the 
age of 40, has no relationship to the degree or duration of 
the diabetes, but is a helpful criterion in histologic diagnosis 
of diabetes mellitus. Glomeruli show focal areas of hyaline 
sclerosis, intercapillary in position or within capillary 
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walls.*^' ** In some cases a clinical syndrome is present which 
consists of diabetes, hypertension, retinal arteriosclerosis, 
albuminuria, and edema. 

Interstitial Nephritis 

Interstitial nephritis, unlike glomerulon^hritis, is essen- 
tially an exudative rather than a proliferative inflammation. 
Marked exudates of inflammatory cells may be present fo- 
cally or (Musely in interstitial tissues. 

Acute Diffuse Interstitial Nephritis.-— Acute interstitial 
nephritis occasionally develops in association with certain 
acute infectious diseases, e.g., diphtheria, scarlet fever, 
Weil’s disease, etc. Grossly the kidney is large, pale or 
mottled red and gray, and soft. The cortex is thickened. 



3Pig. 124. — Suppurative pyelouephritis. (Couitesy Dr. H. C. Schmeisser.) 


The capsule strips easily. Microscopically there is a focal 
or diffuse interstitial infiltration of leucocytes, mainly plasma 
•cells, lymphocytes and eosinophiles, but often polymorpho- 
nuclear leucocytes as well. It must be distinguidied from a 
leucemic infiltration. The tubules show degeneration but 
:glomerular lesions are usually absent, and the damage is not 
permanent. 

Chronic Interstitial Nephritis. — The rare condition of 
chronic interstitial nephritis develops as a result of certain 
types of chronic renal injuries, e.g., in chronic hyperpara- 
thyroidism, multiple myeloma, etc. It is characterized by 
interstitial infiltration by lymphocytes and plasma cells, 
with degeneration, atrophy, and fibrosis of renal tissue. 
Distinction from chronic pyelonephritis may be difficult. 
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Syphilitic Nephritis. — Rich®' has described renal changes 
associated with ^•philis, characterized grossly by tiny glisten- 
ing payish-yellow flecks and streaks of the cortex, and micro- 
scopically by focal interstitial accumulation of mononucleeir 
cells, mainly IjTnphocytes. These nodular masses encroach 



Fig. 125. — ^Kidney with dilated double ureters and pelvis. There is 
hydronephrosis, and irregular scarring of the kidney due to chronie 
pyelonephritis. (Courtesy Dr. H. C. Sduneisser.) 

upon cortical tubules, project into them, and often narrow 
the lumens. Crystals, or deft-Hke spaces left by dissolution 
of crystals, are found in adj^nt tubules. . Spirochetes were 
not demonstrated in these' lesions. 
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Focal Suppuratiye Interstitial Nephritis (Pyemic Kidney, 
Abscesses of Kidney). — Lodgment of infected emboli, as part 
of a generalized pyemia, results in multiple abscesses 
throughout the kidney substance. The abscesses appear as 
small, rounded, yellowish opaque areas, surrounded by a red- 
dened hyperemic zone. They may be numerous or a single 



Kg. 126.— Chronic pyalonepIiTitis. Note the dilated tubules filled with 
casts and the thickened blood yessels. 
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large abscess (‘‘carbuncle’*) may be found. Staphylococci 
and B, coli are the common organisms. 

Pyelonephritis. — The term pyelonephritis is used when 
both the parenchyma of the kidney and the renal pelvis are 
involved by interstitial inflammation. Descending and 
ascending types are described. In the former, bacteria reach 
the kidney hj the blood stream, primarily infecting renal 
tissue and ‘‘descending” to infect the pelvis. In the latter 
ease the bladder and pelvis are infected first and spread 
occurs by “ascending” to infect renal itssue. Descending 
infection is more common. Ascending infection probably 
occurs only when there are obstruction and consequent stag- 
nation of urine. The so-called “pyelitis” common in chil- 
dren and pregnant women is really pyelonephritis. 

The kidneys show wedge-shaped areas of inflammation 
extending through cortex and medulla to pelvis. Micro- 
scopically, such areas show interstitial infiltrations of inflam- 
matory cells, often with some tubular destruction and ab- 
scess formation. In the acute stages, the cells are mainly 
polymorphonuclear leucocytes, and in chronic phases are 
l3rmphocytes and plasma cells. The mucosa of the pehds is 
roughened, and masses of l3rmphocytes are found under the 
epithelium. Continuation of low-grade interstitial inflam- 
mation results in gradual atrophy and destruction of tubules, 
and hyalinization of glomeruli by a process of periglomeru- 
lar fibrosis and capsular thickening. Colloid casts are pres- 
ent in enlarged tubules with atrophic epithelium. Eventually 
there results a kidney which is coarsely pitted by U-shaped 
seals, greatly contracted, and of little functional value. Such 
a pyelonephritic contracture of the kidney is usually uni- 
lateral and must be distinguished from unilateral renal hypo- 
plasia. ’WTien chronic pyelonephritis is bilateral, its end 
stages are easily confused clinically with chronic glomerulo- 
nephritis. Vascular changes and hypertension are frequently 
associated with chronic and healed stages of pyelonephritis.®® 

Pyonephrosis. — ^When an obstructive factor is added to 
pyelonephritis, hydronephrosis and hydronephrotic atrophy 
are also present in variable degree. When the distended 
hydronephrotic pelvis is filled with pus, the condition is 
referred to as pyonephrosis. The end result may he a thin- 
walled sac filled with pus. 

Nephrosis (Tubular Nephritis) 

Nephrosis refers to degenerative renal changes, as distinct 
from inflammation (nephritis) or vascular disease (nephro- 



300 


SYNOPSIS OP PATHOLOOY 


sclerosis). The degenerative changes are seen in the tubules, 
and particularly in the sensitive convoluted tubules of the 
cortex. A certain amount of tubular degeneration aceom- 
panies glomerulonephritis. Other types are (1) lipoid ne- 
phrosis, (2) nephrosis of toxic or metabolic origin, and (3) 
nephrosis resulting from chemical poisons. 

Idpoid nephrosis is a type having a peculiar fatty accumu- 
lation in tubular epithelium, and clinically characterized by 
massive albuminuria and marked edema. Cases sO' termed 
are usually but a stage in glomerulonephritis although true 
lipoid nephrosis also probably occurs as a rare distinctive dis- 
ease. The term “lipoid nephrosis” or simply “nephrosis” is 
often used clinically in a broad way to include all eases of 
renal disease with marked albuminuria and edema, decrease 
of plasma proteins with reversal of the albumin-globulin 
ratio, hjrpereholesterolemia, normal blood pressure, and nor- 
mal blood nitrogen. Eed blood cells are not found in the 
urine in abnormal number. A deficiency in plasma amino 
acids marks crises of the disease in children. It should be 
noted that albuminuria is a manifestation of hyperperme- 
ability of glomeruli, and not the reflection of a tubular le- 
sion. Pure tubular injuries result in oliguria or anuria. 
Tubular epithelium regenerates readily, so that if an indi- 
vidual survives a severe tubular injury, recovery is usually 
complete. 

Thus in lipoid nephrosis the main functional change lies in 
the glomeruli, though morphologic changes in them may not 
be evident. In the rare cases of true lipoid nephrosis, which 
occur only in children and young adults, the prognosis is rela- 
tively good, and when death results, it is usually due to 
peritonitis (often pneumococcal) or infection elsewhere rather 
than to renal failure. The possibility must be considered 
that lipoid nephrosis is primarily a metabolic disturbance 
of proteins or lipids, and that the renal changes are but sec- 
ondary manifestations. 

^ The kidney is enlarged, smooth, and pale, with a thickened 
light yellow cortex. Microscopically, the swollen convoluted 
tubular epithelium is filled by fatty droplets. Some of this is 
neutral fat, but much consists of an ester of cholesterol, which 
appears doubly refractive through crossed Nicol’s prisms. In 
the pure tj^e glomerular changes are not obvious. There have 
been described an increased number of lipoid-filled endothelial 
cells lining glomerular capillaries, and a thickening and ab- 
normal porosity of the glomerular basement membranes.*® 
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Nephrosis of toxic or metabolic origm is the commone^ 
form of tubular change. Most acute infections and toxic 
conditions cause tubular lesions, which may be cloudy swell- 
ing, fatty degeneration, hyaline droplet degeneration, or 
necrosis of epithelial cells, in increasing order of severity. 
Hyaline and lipoid droplets indicate absorption from the 
tubular lumens and storage in the lining epithelial cells of 
protein and lipoid material which has passed through dam- 
ped abnormally permeable glomeruli.®* Cholemic nephrosis 
is a tubular degeneration accompanying severe jaundice. It 
is uncertain whether it is due to bile pigments, bile salts, or 
associated liver damage. Intestinal obstruction, particu- 
larly when high in the intestinal tract (e.g., pyloric stenosis), 
may produce tubular degeneration, sometimes with calcifica- 
tion of the degenerated cells.®®* ®* 



Fig. 127. — Hydropic degeneration of the kidney. (Due to intra- 
venous injection of hypertonic sucrose.) (From South. M. J. 3^: 257, 
1941.) 

Excretion of Bence-Jones protem in the urine (in multiple 
myeloma and other skeletal lesions) produces some tubular 
degeneration. Precipitation of the protein with blockage of 
the tubular lumens also occurs. 

Chemical nephrosis is due to a variety of poisons which 
cause degeneration and necrosis of tubular epi^elium. Mer- 
cury bichloride, a frequent example, causes a pure tubular 
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injury of severe grade and results in oliguria, which usually 
progresses to anuria and death in uremia. Death occurs 
most frequently between the fifth and tenth days, at which 
stage the kidney is swollen and grayish white in color. The 
epithelium, particularly of the convoluted tubules, is ne- 
crotic, broken up, and irregularly desquamated. The inter- 
stitial tissue is edematous and often infiltrated by leueoc 3 rtes. 
After seven or ten days the kidney appears more red and 
congested, and calcium is often deposited in the degenerated 
and necrotic tubular epithelium. Evidence of epithelial re- 
generation and mitotic nuclei may be found at this time. 
(See Fig. 66, p. 183.) In experimental animals testosterone 
gives some protection against the damaging effects of mer- 
cury bichloride 



Fig. 128. — Hydropic degeneration. High magnification of renal con- 
voluted tubules, sliowing hydropic degeneration due to hypertonic 
sucrose. ('From South. M. J. 34: 257, 1941.) 


Hyperparathyroid Benal Disease 

Renal Hyperparathyroidism,— Deficiency of renal func- 
tion stimulates hyperplasia and hyperfunction of the para- 
thyroid glands. The actual stimulating factor is probably 
some disturbance of calcium or phosphorus balance resulting 
from renal deficiency. Parathyroid hyperplasia and hyper- 
function are present in some degree in all cases having marked 
deficiency of renal function. If the disturbance is severe and 
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long continued, a clinical picture is produced similar to 
osteitis fibrosa cystica or renal rickets (in children). 

Parathyroid Nephritis. — ^H 3 rperparathyi’oidism itself may 
produce renal lesions of a distinctive tj^pe and result in 
renal failure. The parathyroid hyperfunetion may be due to 
a localized adenomatous overgrowth of a single parathAToid 
or to a peculiar diffuse hypertrophy of all the parathjT'oids. 
The resulting disturbance in calcium metabolism appears to 
be the main cause of the damage to the kidney. Calcium 
deposits in the kidney are the characteristic feature. In acute 
hyperparathyroidism the calcium may be mainly intratubular, 
but in chronic hyperparathyroidism it is interstitial and 
peritubular and is accompanied by interstitial fibrosis and 
cellular infiltration. Renal calculus formation is very fre- 
quent and develops on the basis of a parenchymal calcium con- 
cretion. Hyperparathyroidism is, however, the underlying 
cause of only a very small proportion of renal calculi.^*^ 



Fig. 129. — Chronic pyelonephritis. The external surface of the atrophic 
kidney is scarred and irregular. 


Renal Rickets. — ^Renal rickets (renal dwarfism, renal in- 
fantilism), is a condition arising before puberty, in which a 
prolonged chronic renal insufficiency is associated with stunt- 
ing of groi\1:h, skeletal deformities, and sometimes failure of 
sexual development. Common clinical features are polyuria, 
polydipsia, high blood phosphorus, nitrogen retention, and 
low blood pressure despite renal failure. Renal disease de- 
velops before bone growth is completed and gives rise to renal 
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insufficiency continuing over a long period. The failure of 
renal function causes retention of phosphates. A high level 
of Wood phosphorus is characteristic and, in turn, stimulates 
the parathyroids to hyperplasia and increased function. The 
bone lesions, particularly in those cases with marked deformi- 
ties, are those of osteitis fibrosa cystica and due to excess of 
parathjnroid hormone. Excess phosphates excreted by way 
of the intestine may combine with ingested calcium to form 
unabsorbable salts. In this maimer true calcium starvation is 
added to the picture. In such cases the blood calcium is low, 
there is failure of bone growth (dwarfism), and bone lesions 
more nearly resemble true rickeli. 



Fig. 130. — Chronic pyelonephritis and hyperparathyroid renal dis- 
ease. Black oalcnlouB masses are evident in uie renal substance and in 
the pelvis. From an individual having hyperparathyroidism due to a 
parathyroid adenoma. 

The actual lesions in the urinary tract can be divided into 
two groups. In one there are lesions of a congenital nature, 
either cystic kidneys or some abnormality of the lower urinai^ 
tract resulting in dilatation of ureters and hydi'onephrosis. 
In the other group the renal changes have commonly been 
called chronic interstitial nephritis. ' Here there is advanced 
glomerular hyalinization or destruction but with little evi- 
dence of antecedent glomerulonephritis, such as crescents in 
Bowman ^s capsule. The tubules may be dilated or may have 
largely disappeared, their place being taken by chronic inflam- 
matory cells and fibrosis in interstitiW tissues. ' ^mall amounts 
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of calcium are often present in interstitial tissue. In such 
cases the picture is that of the end stage of chronic pyelo- 
nephritis or of a kidney damaged by chronic hyperpara- 
thyroidism. In some of these eases the changes are due to a 
metabolic disturbance or cystin diathesis and cystinuria, 
which results in marked interstitial nephritis and renal at- 
rophy.®^* 



Fig, 131. — Calcium deposit in the cortex of the kidney. Part of the 
calcium is interstitial and part intratubnlar. (From J. Urology 44: 
29, 1940.) 

Benal Oalciili 

Stones or calculi formed in the urin^ tract are due to 
precipitation of chemical salts in the urine. Calculi are fre- 
quency classified as primary and secondary. The primary 
stones are those formed without apparent causal factors, 
such as infection, infiammation, or urinary obstruction and 
stasis. . Secondary stones are those which follow evident in- 
flammation or obstruction. 

Etiology. — The several factors which may play a part in 
Stpne formation, sin^y or in combination, are : 

1. High oonceiitration of oTstalline salts in the nrine 
favors precipit^ion. CoEoids in the urine hold the crystal- 
loids in solution in a toper-s^rated state. The balance is 
delicate and ealsOy disturbed either by hyperexcrction of 
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crystalloids, such as may occur in hyperparathyroidism, or by 
decrease of colloids, which may be due to infection. The re- 
sult is precipitation of the crj^stalline matter and colloids, the 
colloidal i!:el forming an organic framework. 

2 , Encrustation of solid material with urinary salts is a 
factor of importance. A nidus for such ])recipitation may be 



i'^g. 132. — Hyperpaiathyroid renal disease. 1, X-ray of kidneys in a 
case of hyperparathyroidism, showing massive deposits of calcium, 
f. Parathyroid adenoma in this case, as seen from the external and 
cut surface. The dark area on the cut surface is a region of hemor- 
rhage (scale in centimeters). S, 4, 5, and S, Interstitial and para- 
tubular calcium deposits in the kidney. (From Endocrinology 24; 372, 
1939.) 
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bacteria, necrotic or degenerated tissue, or other foreign 
bodies. The association of many calculi with bacterial infec- 
tion has been proved. Randall has described the mechanism 
by which encrustation frequently occurs on a small calcified 
plaque of a renal papilla.^® 



Fig. 133. — Calcification in a renal papilla. The dark masses repre- 
sent interstitial and intratnbular calcium deposits. (From J. Urology 
44: 29, 1940.) 

3. Vitamin A deficiency, known to produce changes in the 
epithelial lining of the upper urinary tract, has been effectiye 
in the experimental production of stone. How important a 
factor this may be in man is still uncertain. 
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4. Urinary reaction is important in maintenance of uri- 
nary salts in solution and largely determines the composi- 
tion of the stones. However, reaction alone, e.g., marked 
alkalinity, is probably never the cause of stone formation. 

5. Urinary obstruction acts by promoting stagnation and 
infection. It is rarely the sole factor. 
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Fig. 13o. — Calculous pyonephrosis. Stones are evident in the greatly 
dilated pelvis of the kidney. The normal markings and architectuie 
of the kidney are destroyed. (Courtesy Dr. H. C. Scbneisser.) 
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excretion of calcium and phosphorus in the urine and the 
tendency to deposition of calcium salts in renal tissue result 
in calculus formation in 30 to 70 per cent of eases of hyper- 
parathyroidism. 

Pathogenesis. — The mechanism of primary stone forma- 
tion has been described by Randall.®® Damage to a renal 
papilla results in calcium deposit in the injured tissue. 
When near the surface, this plaque of calcium becomes ex- 
posed by ulceration of overlying tissue and becomes a nidus 
on which any urinary salt may crystallize. Successive de- 
positions produce a laminated stone, often of variable composi- 
tion. The plaque holds the stone in place until it has time 
to reach a considerable size before tearing away from its 
moorings. 

Types. — ^While most stones are composed of mixtures of 
uric acid, calcium oxalate, and ammonium-magnesium 
phosphate, certain constituents predominate and give the 
stone distinctive character. Uric acid stones are brown, 
fairly smooth, moderately hard, and on section show con- 
centric laminations. Oxalate stones are very hard, have a 
rough spiny surface of dark brown color, and are laminated. 
Phosphate stones are soft, smooth, white, and friable. Uric 
acid and oxalates tend to precipitate in an acid urine, while 
phosphate stones are commonly associated with alkaline 
urines. 

Sulfapyridine administration may be associated with the 
formation of small stones, due to precipitation of aeetylated 
sulfapyridine. 

Effects. — ^Eenal calculi may obstruct the outflow of urine, 
promote infection, and cause the pain of renal colic. The 
point of obstruction may be in the renal pelvis, ureters, or 
bladder. Partial or intermittent obstruction gives rise to 
dilatation of ureter or renal pelvis (hydronephrosis) above 
the obstructed point. Stasis due to obstruction promotes -in- 
fection (pyelonephritis). Passage of a smaU stone through 
the ureter produces the severe pain of renal colic. 

Hydronephrosis 

Hydronephrosis is a dilatation of the renal pelvices and 
associated atrophy of renal tissue resulting from an obstruc- 
tion to the outflow of urine. Obstruction may be due to a 
wide variety of causes, the most common of which are inflam- 
matory stricture, pregnancy, and pressure by tumors. Ob- 
structions at or below the opening of the bladder result in 
bilateral hydronephrosis. With obstruction of one ureter, 
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only the corresponding kidney is hydronephrotic. The de- 
gree of hydronephrosis depends upon the degree and duration 
of the obstruction. Partial and intermittent obstructions re- 
sult in a greater degree of hydronephrosis than do sudden 
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Fig. 136, — ^Hydronephrosis. Due to obstruction of the upper end of the 
ureter. (Courtesy Dr. H. C. Schmeisser.) 

complete obstructions. The latter tend to produce atrophy 
with relatively little hydronephrosis. In some cases no 
mechanical obstruction can be demonstrated (idiopathic 
hydronephrosis). Some of such cases are due to spinal cord 


312 


SYNOPSIS OP PATHOLOGY 


lesions causing paralysis of the bladder. Neuromuscular im- 
balance has be^ postulated as a possible explanation for 
others. 

With distention of the renal pelvis, the ealices flatten, the- 
renal tissue becomes atrophic and thin, and the dilated pelvis 
assumes a saccular and rounded form. In severe eases the 
total size of the kidney and pelvis may be increased, and the 
outer surface lobulated. The atrophy and flbrosis of the renal 
pareneh 3 ma affect tubules more rapidly than glomeruli. 
Hence, except in late stages, the tubular atrophy may seem 
to be out of proportion to the glomerular change. Eventually 
glomeruli become hyalinized. The occurrence of infection 
converts the condition into pyonephrosis. When hydro- 
nephrosis is unilateral, the opposite kidney may undergo a 
compensatory hypertrophy. 



rig. 137. — ^Hydronephrotic atrophy of kid:^. roll thickness of renal 
anbstance, with pelvie mucosa evidoat at the right. 

The Kidney in Toxemias of Pregnancy 

Benal lesions regularly accompany the toxemias of late 
pregnancy (eclampsia, pre-eclampsia, etc.). They are more 
constant and characteristic than the hepatic lesions (see p. 
384). The glomeruli are enlarged, bloodless, and have 
narrotved capillaries. Most of the capillary narrowing is ac- 
counted for by marked thickening of the basement membrane 
of the tufts. Tubular changes are constantly present and 
often are more prominent than glomerular lesions. The eon- 
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voluted tubules particularly are involved by changes which 
vary from mild cloudy swelling or fatty degeneration to 
hyaline droplet degeneration and even necrosis. The tubular 
changes, although more striking, are probably secondary and 
of less real importance than the glomerular lesions. 



Fig. 138. — Glomerulus in eclampsia. Stained with azocarmine to 
show the thickened basement membrane. (From Dieekmann, William J.: 
The Toxemias of Pregnancy, St. Louis, the C. V. Mosby Company, 
1941.) 

In some cases of pregnancy toxemia the renal changes are 
those of primary glomerulonephritis, pyelonephritis, or hyper- 
tensive arteriolar nephrosclerosis. More than half of the 
women who recover from eclampsia eventually develop hyper- 
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tensive cardiovascular renal disease. The rare bilateral renal 
cortical necrosis also may occur in association with pregnancy 
(see p. 295). 

Hemoglobinuria 

The effects of free extracorpuscular hemoglobin circulating 
in the blood stream are seen following the transfusion of in- 
compatible blood, in the complication of malaria known as 
blaekwater fever, and to a milder degree in paroxysmal hemo- 
globinuria. The kidney may be so severely damaged that 
oliguria or anuria results, with death from renal failure. 

The effects on the kidney are of two types : first, a degenera- 
tive change of convoluted tubular epithelium, varying from 
mild albuminous degeneration to actual necrosis; and second, 
the formation of easts of precipitated pi^ent (hematin) 
which block the tubules, particularly in their collecting por- 
tions. This formation of pigment casts occurs only when the 
urine is acid, and hence the importance of alkalinization of 
the urine when transfusions are given, or in treatment of 
blaekwater fever. 

An entirely similar renal lesion, producing ‘‘traumatic 
anuria,” has been described following “crush injuries.” 
The condition has been seen in air-raid victims suffering 
from extensive crushing injuries of the limbs. There is 
marked renal tubular damage, and myohemoglobin-pigmented 
casts are found in the distal convoluted tubules and the col- 
lecting tubules.*^ » 

Tuberculosis of the Kidney 

Eenal tuberculosis is secondary to an active tuberculous 
lesion elsewhere, the organisms reaching the kidney by 
hematogenous spread. The kidneys are usually involved along 
with other organs in acute miliary tuberculosis, but another 
form of renal tuberculosis also occurs, in which there is a 
chronic ulcerative and spreading lesion. This form is usually 
unilateral, and the primary focus from which spread occurred 
often is not prominent. Embolic masses of organisms ar- 
rested in the Mdney produce the first lesion in the cortex. By 
discharge of this lesion into a tubule, spread occurs to the 
medulla, where a caseous ulcerative tubercle appears on a 
renal papilla. From there spread occurs to the mucosa of the 
pelvis, ureter, and bladder. Reinfection and extension to 
other portions of the kidney readily follow. Tuberculous 
strictures of the ureter and individual calices lead to stasis of 
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urine and liydronephrotic ehansjes. There is progression of 
the tuberculous process in the kidney tissue with caseation, 
loss of tissue through ulceration, and hydronephrosis. 



Fig. 139. — Transfusion reaction in kidney. The tubules contain pigment 
casts, and their epithelial lining cells show degenerative changes. 

The appearance of the kidney depends upon the stage of the 
process. In an early period a few yellowish opaque tubercles 
are seen in the cortex and near the tip of a papilla. Later, 
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caseous masses of varying size replace the renal tissue, and the 
ragged hydronephrotic cavities contain a thick creamy pus. 

The infected ureter becomes thick-waUed, rigid, and 
stenosed. The urinary bladder involvement begins at the 
ureteral opening and spreads as an irregular area of ulcera- 
tion. The lesions of the ureter and bladder tend to heal if 
the infected kidney is removed. 

Eena.1 Damage Due to Sulfonamides 

Sulfonamide drug therapy may result in two types of in- 
jury to the Mdney: (1) precipitated sulfonamide and acetyl- 
ated derivatives, causing mechanical obstruction in the ur- 
inary tract, and (2) “nephrotoxic” lesions. The latter are 
focal or diffuse tubular degenerations and necroses, with 
intense inflammatory reactions. Administration of urea has 
prevented the precipitation of sulfonamides in the urinary 
tract in experimental animals.*® The nephrotoxic lesions ap- 
pear to be independent of the amount of drug administered 
and of mechanical blocking by precipitates,** and may have 
an allergic basis (see p. 185). 

Congenital Malformations and Anomalies of the Kidney 

Congenital absent or aplasia of both kidneys is rare and 
incompatible with life. Absence or aplasia of one kidney is 
more common, and the opposite kidney is larger than nor- 
mal. 

Congenital fusion of the kidneys is most commonly a con- 
nection of the lower poles, either by a fibrous band or by 
actual renal tissue (horseshoe kidneys). The pelves are 
separate, and the ureters pass anteriorly across the lower 
poles of the kidneys. 

Duplication of ureters, double pelvis, or both, are common 
anomalies, usually of no functional significance. Persistence 
of some degree of fetal lobulation of the kidneys is also very 
common and harmless. 

Cysts of the Kidney 

Cysts of the kidney are of three main types: solitary 
cysts, retention cyrts, due to tubular dilatation in vascular 
or inflammatory msease of the kidney, and the condition of 
congenital polycystic kidneys. 

The solitary cysts are usually serous, but they may be 
hemorrhagic. They vary from a few millimeters to several 
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centimeters in diameter. Some are congenital in origin 
and others result from tubular obstruction. Occasionally 
they are multilocular. 

In advanced renal vascular disease or glomerulonephritis 
there frequently are multiple small cysts, usually only a few 
millimeters in diameter, resulting from tubular dilatation. 

Congenital Cystic Kidneys. — Congenital polycystic kidney 
is an hereditary maldevelopment. One or both kidneys may 
be involved by extremely numerous cysts, of varying and 
often large size. The condition is present at birth, and ab- 
sence of sufficient functioning renal tissue may result in 
death at that time or within the next few years. If renal 



Fig. 140. — Horaeslioe kidneys. (Couitesy Dr. H. C. Schnieiseer.) 

functional tissue is sufficient, life may go on with little or no 
clinical evidence of the disease until the third, fourth, or 
fifth decade. At that time renal failure results from the de- 
velopment of vascular disease, other accumulated injuries of 
the kidney, or progressive increase in the size of the cysts. 
The patient may have lumbar pain, tumor mass in the kidney 
region, and hematuria, a picture simulating renal neoplasm. 
Other cases simply present acute or chronic renal failure, with 
mild hypertension and cardiac hypertrophy, so that clinical 
differentiation from other types of renal disease may be very 
difficult. Attacks of hematuria are a quite distinctive finding 
and are due to rupture of blood vessels mto cysts communicat- 
ing with the pelvis. 
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The involved kidneys may be moderately or enormously 
enlarged. Enlargement is due to increase in size of individual 
cysts, rather than to increase in their number. The kidneys 
have a knobby or irregular outline. The cysts are lined by 
cuboidal or (more commonly) flattened epithelium. In the 
newborn group the remaining renal tissue is hypoplastic, the 
number of nephrons being reduced and interstitial connective 
tissue excessive. 



^ At a later age, in cases without clinical symptoms, the func- 
tional renal tissue between cysts is often abundant. The 
patients dying of renal failure show extreme atrophy of the 
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Pig. 142. — Congenital -cystic kidney, newborn infant. The lower figure 
shows a low magnification of the cut surface. 
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renal tissue between cysts, due to progressive cystic enlarge- 
ment and associated development of arterial disease. 

The origin of the condition is related to the manner of 
embryologic formation of the kidney. The kidney is de- 
veloped from two separate portions which must join. The 
one portion, from metanephrie blastema, forms convoluted 
tubules and glomeruli. The other portion, from the Wolffian 
duct, forms ureter, renal pelvis, and collecting tubules. 



Pig. 143. — Congenital cystic kidney. Cystic spaces are surronnded 
by an embryonic type of connective tissue. Glomeruli and tubules are 
evident on tbe rig^t. 

Failure of union'’ of collecting ducts with convoluted 
tubules has long been supposed to give rise to the cystic 
change. Kampmeier*® has pointed out another possible origin. 
He showed that the uriniferous tubules, particularly of the 
first but sometmes of later generations, fail to gain reattach- 
ment to collecting ducts. They then undergo cystic dilatation 
but later normally disappear. If instead of disappearing they 
continue to grow and expand, polycystic kidney results.. 
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Other abnormalities of the genitourinary tract or congenital 
cysts of liver or pancreas are often present in individuals with 
polycystic kidneys. 

Benal Tumors 

A. Benign. — Adenoma and fibroma are quite common but 
remain small and are of little practical importance. Lipoma 
of the kidney occurs rarely, and may grow to large size or 
undergo malignant change. 



Pig, 144. — Benign adenoma of kidney. The edge of the tamer is 
shown, with glomeruli of the adjacent renal tissue evident on the 
right. 


Adenoma of the kidney is commonly seen as a small gray- 
ish nodule in the cortex. Microscopically, it is composed 
of dark-staining epithelial cells forming well-differentiated 
tubules, and sometimes structures resembling glomeruli. 

Fibroma is commonly found in the medulla where it ap- 
pears as a tiny grayish area. It is composed of irregularly^ 




322 


SYNOPSIS OF PATHOLOGY 


arranged connective tissue fibers. The margin is usually 
irregular or ill defined, and a few tubules are often enclosed 
in the tumor. 



Fig. 145. — Fibroma in medulla of kidney. 



Fig, 146. — Fibroma of kidney. Tbe edge of the tumor is shown, with 
tubules and a glomerulus on the right. 

B. Malignant. — ^Malignant renal tumors are rare but of 
unusual interest. They are of two main types, (1) renal 
carcinoma or hypernephroma (Grawitz tumor) which occurs 
particularly in the ^h and sixth decades, and (2) the 
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embryonal adenosarcoma (Wilms’ tumor), occurring in in- 
fancy and early childhood. 

Hypernephroma (Grawitz Tumor). — Hypernephroma is 
the common malignant renal tumor of adults. It is called 
“hypernephroma” because it has been supposed to arise from 
“rests” of adrenal cells in the kidney. Small areas of adrenal 



Pig. 147. — Hypernephroma of kidney. Some remaining renal tissue is 
evident m the upper portion of the figure. (Courtesy Dr. H. C. Schmeis- 
ser.) 

cortical tissue are often found in the outer part of the kidney, 
just beneath the capsule.**® Adrenal heterotopia, with all or 
part of the adrenals within the capsule of the kidneys, is 
sometimes encountered.^^ Also adrenal tissue is not uncom- 
mon on the under surface of the liver and in internal 
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genitalia. Further evidence of the adrenal nature of these 
tumors lies in their close microscopic resemblance to adrenal 
cortex. They are composed of large clear cells containing 
abundant doubly refractive cholesterol esters, and the cells 
may be arranged in cords as in the adrenal cortex. However, 
this evidence is insufficient proof of their adrenal 
origin. Hypernephromas never give rise to the endocrine and 
sexual disturbances that accompany true adrenal cortical 
tumors. Some areas of the tumor may show a papillary or 
tubular structure, and all gradations may be found between 
a close resemblance to adrenal cortex, and clear-cut renal car- 
cinoma. Hence hypernephromas are generally considered to 



Fig. 149. — ^Wilms' tumor of kidney. Note that in this relatively 
early stage it appears well encapsulated and sharply separated from 
the renal tissue. (Courtesy Dr. H. C. Schmeisser.) 

be simply renal carcinomas. However, attempts liave been 
made to reconcile the evidences of adrenal and renal origins 
by suggesting that the tumor arises from cells retaining early 
embryonic potentialities for differentiation into either type 
of tissue.** 

The hypernephroma forms a large rounded tnmor in the 
Mdney, at first well encapsulated and separated from the 
renal tissue. It is microscopically invasive, however, so that 
it is not easily shelled out or separated from surrounding 
tissue. The yeUowMi cut surface shows some connective 
tissue trabeculae coursing irregularly through the tumor. 
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There is a marked tendency to degeneration, necrosis, hemor- 
rhage, and cyst formation. Microscopically, the characteristic 
cells are large, with abundant, pale, foamy e3d;oplasm. In 
some areas the cells may be smaller, with a denser, slightly 
granular and more eosinophilic cytoplasm, more like ordinary 
renal tubular epithelium. The cells are arranged in solid 
sheets, or as cords and papillary structures with a thin sup- 
porting stroma. 



Fig. 150. — Wilms’ tumor of kidney. Note the tubular or rosette-like 
Btructores amidst the general sarcomatous appearance. 

The growth of the tumor causes atrophy and fibrosis of 
adjacent tissue. In later stages there is extensive invasion 
of renal substance. The tumor cells have a tendency to in- 
vade and grow along blood vessels. Metastasis occurs by blood 
stream, and the lungs and bones are the common sites for the 
secondary tumors. 

Because of the relativdy localized growth of hj^emephroma 
in its early stages, it may attain considerable size with oidy 
painless hmaturia as clinical evidence of its presence. 
Metastases in lungs or bones may be the first indication. 

EmbbtonaIi Adbnosabcoma (Wilms’ Tumor). — Embryoma 
is a rare mixed tumor of the kidney, the occurrence of which 
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is practically limited to the first seven years of life, although 
a few eases have been reported in adults. The average age 
is three years. These tumors account for about 20 per cent 
of all malignancies in childhood. The origin is believed to be 
from mesodermal cells displaced during development but 
retaining the ability to grow and differentiate into various 
types of tissue. Being rapidly growing tumors of embiwonic 
nature, they are highly radiosensitive. 



Fig. 151. — Papillary earcinoma of renal pelvis. (Courtesy Dr. H. C. 

Schmeisser.) 


At fii*st the tumor is surrounded by a dense connective 
tissue capsule and remains separated from tiie renal paren- 
chyma until quite large. The kidney tissue is pushed into 
various shapes. Eventually the capsule is ruptured and 
extension occurs to kidney tissue, omentum, and adjacent 
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viscera. Blood-borne metastases are common in lungs and 
brain, but liver and regional lymph nodes are also frequently 
involved. 

The tumor tissue is uniformily grayish white and mod- 
erately firm, but cysts or hemorrhage may be present. Micro- 
scopically, the predominant tumor elements are an abundant 
embryonic type of malignant coimective tissue surrounding 



Fig. 152. — ^Papillary carcinoma of renal pelvis. (Microscopic section of 
tumor in Fig. 151.) 

some gland-like tubules of variable size and shape. Epithelial 
cells may also form solid cords and strands of cells. Occa- 
sionally smooth or striated muscle, cartilage or myxomatous 
tissue is present.^® 

Sarcoma. — Sarcoma may arise from connective tissue of the 
kidney, but this is imcommon. 

Tumors of the Renal Pelvis. — ^The pelvis of the kidney 
gives rise to the same t3rpes of tumor as are found in the 
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bladder, the common forms being papilloma and papillary 
carcinoma. An infrequent variety is squamous-cell car- 
cinoma. 



Fig. 153. — Multiple strictures of ureter, with hydronephrosis. (Courtesy 
Ur. H. C. Schmeisser.) 


TTBETEB 

The most important pathologic involvement of the ureters 
is obstruction, which may be by a calculus from the renal 
pelvis, a fibrous stricture resulting from infiammation, or 
less frequently due to tumors, either of the ureter itself or 
adjacent to and pressing on the ureter. Kinking of the 
ureter when the kidney is abnormally movable or an aber- 
rant renal artery crossing the ureter causes some cases of 
partial or intermittent obstruction. Hydronephrosis is the 
common result unless the obstruction is transitory. Obstruc- 
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tion of the urinary tract below the ureters causes bilateral 
dilatation of the ureters (hydroureter). 

Tumors of the ureter are uncommon and are of the same 
gross and histologic types as those which arise in the bladder. 

UBINARY BLADDER 

Indammation, obstruction, and tumors are the important 
.lesions of the bladder; congenital abnormalities and trau- 
matic changes are less common. 

Inflammation. — ^Inflammation of the bladder (cystitis) may 
be acute or chronic. The infection may descend from a pye- 
lonephritis, may reach the bladder by way of the urelira, 
or be introduced by catheterization. Obstruction of the 
bladder outlet, as by a calculus or enlarged prostate, is par- 
ticularly apt to be associated with chronic inflammation. 
Important organisms in cystitis are pyogenic cocci and the 
colon bacillus. 

In acute (ystitis the mucosa is congested, edematous, and 
may be hemorrhagic or ulcerated. Coi^estion and inflamma- 
tory cells, particularly in submucosa, are evident micro- 
scopically. 

Chronic cystitis is associated with considerable thickening 
of the bladder wall by granulation tissue and fibrosis, unless 
an associated obstruction causes the wall to be dilated. Oc- 
casionally the thickened mucosa shows small, fluid-filled 
cystic cavities, the so-called cystitis cystica. 

Interstitial cystitis, occurring predominantly in women, is 
a chronic inflammation in the subepithelial and intermuscular 
coimective tissue. 

Obstruction. — Obstruction to the outlet of the urinary 
bladder may be caused by prostatic hypertrophy, stenosis 
following urethritis, tumor, calculus, or neurogenic disturb- 
ance. The bladder becomes distended and thin walled. Hy- 
pertrophy of muscle bundles follows if the obstruction is 
prolonged, so that the inner surface of the distended bladder 
is roughened by prominent muscular trabeculae. Distention 
of weak areas between the trabeculae may produce multiple 
small (false) diverticulae. 

Tumors. — ^Tumors of the urinary bladder are more fre- 
quent in men and commonly occur in the age group of 50 to 
70 years. Btiologic factors are not apparent in most in- 
stances. Aniline dye workers excreting the dyes in the 
urine show a high incidence. The base or trigonal region 
of the bladder is the favorite site. 



KIDXKVS, CTRINARY TRACT. AND MALE GENITALIA 331 


The common types are: fl) papilloma, (2) papillary car- 
cinoma, (3) transitional cell carcinoma. Various other va- 
rieties occur but rarely, including adenocarcinoma and mu- 
coid carcinoma. 



Fig. 154. — Chronic cystitis and hypertrophy of bladder. Diverticulum 
of bladder (opening indicated by small rod). Prostatic calculi. (Cour- 
tesy Dr. H. C. Schmeisser.) 


The papilloim is a delicate pedunculated tumor project- 
ing from the mucosal surface. It has a narrow base and 
many fine villous processes. Delicate branching villi com- 
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pose the tumor, each having a thin connective tissue core 
containing blood vessels, separated by a definite basal mem- 
brane from a surface covering of transitional epithelial cells. 
The epithelial cells are uniform in size, shape, and staining. 

Papillomas are frequently multiple and tend to recur. They 
are ^ways potentially malignant, though they may remain 
benign for months or years. Evidence of malignancy is most 
apt to be invasion at the base of the pedicle, so that a sec- 
tion through this area is most important in diagnosis. Other 
findings suggesting malignancy are a breaking through of 
the basal membrane separating the stromal core, a growing 
together of the villi, and atypical staining and morphology 
of the epithelial cells. 

Papillary carcinomas have a general architecture similar 
to that of the benign papillomas. They are more frequently 
single, firmer, have a broader base, and form large, bulky, 
cauliflower-like growths with a tendency to hemorrhage and 
necrosis. There is more irregularity of arrangement, size, 
and shape of the epithelial cells, and mitoses are more nu- 
merous than in papillomas. The processes tend to be fused, 
and there is invasion of the connective tissue stroma or of 
the wan of the bladder from the base of the tumor. 

Transitional cell caxdnoma forms a sessile infiltrating 
type of tumor which spreads widely through the bladder 
wall and to surrounding structures, though no large tumor 
may form in the bladder lumen. Necrosis and uloeration 
tend to occur. A few of these infiltrating tumors are com- 
posed of squamous rather than transitional epithelial cells. 

Spread of bladder cancer is usually late and not very ex- 
tensive, particularly in the papillary forms of low malig- 
nancy. Invasion of surrounding structures and metastams 
to pelvic a,nd prevertebral lymph nodes usually precede 
spread to lungs, liver, or bones. 

IiaAl.E GENITAL OSGANS 

Penis. — ^Phimosis is a condition in which the foreskin can- 
not be retracted. In paraphimosis, a retracted foreskin 
cannot be brought forward. These conditions may be con- 
genital, or acquired and due to inflammatory swelling and 
edema. Balanitis is an inflammation of the glans. It is pre- 
disposed to by phimosis. The gonococcus and the colon bacil- 
lus are the common causative organisms. 

The venereal lesions which may affect the penis are chan- 
croid, syphilis (chancre), lymphopathia venereum, and gran- 
uloma inguinale. They have beai considered in Chap. VII. 
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SqxiamOTis-cell caxciaoina is the only important tnmor of 
the penis. It occurs on the glans or prepuce (less com- 
monly), usually after 50 years of age, and often it is pre- 
ceded by chronic irritation from balanitis, phimosis, or un- 
cleanliness. It begins as a small warty growth, later de- 
veloping into an ulcerative fungating mass. Metastasis 
occurs to inguinal and, later, to retroperitoneal nodes- 

Urethra. — ^Inflammation (urethritis) is the common lesion 
of the urethra and is usually of gonorrheal origin. It is 
accompanied by abundant pus production and much desqua- 
mation of epithelium. 

Stricture of the urethra is a common end result of gonor- 
rhea, but its origin also may be traumatic or due to a con- 
genital fold of mucosa. The obstruction may cause dilata- 
tion of bladder, ureters, and renal pelvices. 

Testis and Epididymis. — ^Varicocele is a varicose dilatation 
of the veins of the spermatic cord. Hydrocele is the accumu- 
lation of clear watery fluid in the tunica vaginalis. If blood 
is present, it is referred to as a hematocele. Spermatocele is 
a dilatation of the duct of the epididsmiis. 

Inflammation (epididymitis) is most commonly due to 
gonorrhea, the infection usually spreading from seminal 
vesicles. One finds suppuration and the formation of small 
abscesses. Scarring which follows the inflammation often 
prevents passage of ^ermatozoa, thus causing sterility, 
though testicular atrophy and sexual inactivity do not neces- 
sarily result. Nongonorrheal epididymitis is less common 
but may result from staphylococcic or colon bacillus infections. 

Acute orchitis (inflammation of the testicle) may result 
from trauma or complicate certain infectious diseases, par- 
ticularly mumps, typhoid fever, and smallpox. It is the most 
serious feature of mumps in young adults. In some cases it 
is followed by testicular atrophy and sterility. 

Tuberculosis may involve the epididymis before other 
parts of the urogenital system. Sm^ conglomerate caseous 
tubercles are formed, similar in their gross and microscopic 
appearance to tubercles elsewhere. Syphilis more commonly 
involves the testis first and the epididymis secondarily. The 
syphilitic orchitis may be a gumma or a diffuse fibrosis. 

Hyalinization of seminiferous tubtiles has been found as- 
sociated with hypogonadism and testicular failure. A pro- 
gressive sclerosis beginning in the basement membranes and 
tunica propria of the tubules results in hyalinization, with 
disappearance of germinal and Sertoli cells, and an ap-, 
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parent increase and clumping of Leydig cells. Azoospermia 
and high urinary gonadotropins are associated with this 
lesion.®’ 



Fig, 155. — Seminoma of testis. Cords of tumor cells with large 
round dark nuclei are separated by a fibrous stroma infiltrated with 
lymphocytes. 


Oryptorchism is a failure of descent of the testis into the 
scrotum. The testis is found in the peritoneal cavity or in 
the inguinal canal. The condition may be unilateral or bi- 
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lateral. Uudescended testicles are usually deficient in sper- 
matogenesis, but they do produce the hormone necessary for 
secondary sexual characteristics. Malignant tumors are 
much more frequent in the cryptorehid than in the normally 
descended testis. 

Tumors of the Testis. — ^Almost all testicular tumors are 
malignant and account for about 0.6 per cent of cancer in 
males. In 11 per cent of eases there is an associated crypt- 
orehism or ectopic position of the testis.®® Most testicular 
tumors occur between 20 and 45 years of age. The classifi- 
cation and terminology of testicular cancers are variable and 
confused. Ewing has regarded them all as teratomas, aris- 
ing from sex cells and capable of reproducing any tissue. 
Commonly they are divided into two groups, seminomas and 
teratomas. 

Seminoma. — The seminoma (disgerminoma, spermatocy- 
toma, embryonal carcinoma) is a firm, fleshy grayish-white 
mass, sharply circumscribed, and varying up to the size of 
a grapefruit. Histologically, it is composed of rounded or 
polygonal cells with prominent round or oval hyperchromatic 
nuclei, arranged in diffuse sheets or in a pseudopapillaiy 
form. A scanty stroma separates groups of cells and is often 
infiltrated with small lymphocsdes. This microscopic appear- 
ance is similar to that of disgerminoma of the ovary (see p. 
571), but it is much more malignant than the ovarian counter- 
part. 

Teratoma and Mixed Tumors. — Included in this group are 
adult or differentiated teratomatous tumors containing various 
types of tissue, and also more highly malignant varieties in 
which only one type of cell is found. The gross appearance 
is as variable as its microscopic composition. A large size is 
often attained, and cyst formation is common. Microscopi- 
cally. undifferentiated and unrecognizable highly malignant 
tumor cells may be found, or differentiated structures such 
as cartilage, muscle, fat, glands, myxomatous tissue, etc. A 
rare and peculiar t3pe is a chorionepithelioma, similar to the 
tumor which occurs in the uterus (see p. 595). 

Most malignant testicular tumors are associated with pro- 
duction of pituitary-like hormones, and a positive Aschheim- 
Zondek test is obtainable. On a quantitative basis, the test 
shows some correlation with histologic type, though not 
close or very reliable.®® The adult type of teratoma has a 
low level of hormones, the seminoma higher, and the chorion- 
epithelioma very high.®* 
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Most of the testicular malignancies are highly radiosensi- 
tive. The well-^fferentiated tumors or adult types of tera- 
toma respond least. Metastasis occurs by blood and lymph 
channels. Lsonphatic metastasis is found most frequently in 
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atrophic testes, as in elderly individuals or in undescended 
testes. Benign tumors composed of mature interstitial cells 
are of rare occurrence and have an endocrine function. In 



Fig. 157. — ^Interstitial cell tumor of testis. From a hoy aged 7 years, 
with hypergenitaUsm. 

children, it is a rare cause of hypergenitalism and precocious 
development of secondary sexual characteristics.®® 

Prostate. — ^The prostate is a sexual gland, its secretion 
being mixed with the sperm in the urethra at the time of 
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ejaculation, and functioning to activate and prolong the mo- 
tility of the spermatozoa. The gland has five lobes (median, 
two lateral, posterior, and anterior), and a group of gland 
acini in the midline of the urethral floor between the pos- 
terior vesical lip and the verumontanum (the subcervical 
urethral glands of Albarran). The median lobe is that part 
dorsal to the urethra and between the converging ejacula- 
tory ducts. The median lobe, the glands of ^barran, and 
the lateral lobes are particularly prone to undergo benign 
enlargement and cause obstruction. 

The prostatie glands are lined by cuboidal or cylindrical 
epithelium and often contain concentrically laminated con- 
cretions, corpora amylacea. A hormonal secretion of the 
testis, activated in turn by the pituitary, influences the pros- 
tate and causes its rapid maturation at puberty. Involution 
progresses during and after the fifth decade, due to decrease 
of hormonal stimulation.®® 



Fig. 158. — Corpora amylacea of prostate. 


The important lesions of the prostate are inflammation, 
benign enlargment, and carcinoma. 

Inflammation. — ^Acute prostatitis is most common as a 
complication of gonorrhea. The purulent material is con- 
fined within acini or extends and forms abscesses. The in- 
flammation may clear up, but commonly becomes chronic. 
Septicemias and pyeniias also may result in multiple small 
abscesses of the prostate, the Staphylococcus aureus being 
the most common organism. 
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Pig. 159. — ^Nodular hyperplasia of prostate. The enlarged median 
lobe of the prostate projects upward into the bladder. The inner sur- 
face of the dilated bladder is trabeculated. (Courtesy Dr. H, C. 
Schmeisser.) 
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Tuberculosis is common in the prostate, usually carried 
there by the blood stream, and in less than 20 per cent of 
cases it is secondary to foci elsewhere in urogenital organs.” 
Ts^ieally caseous lesions are formed, similar to tuberculosis 
elsewhere. 

Nodular Hyperpiasu (Benign Prostatic Hypertrophy) . — 
Benign enlargement is the commonest lesion of the prostate, 
being found in about 30 per cent of men over sixty. About 17 
per cent have symptoms of urinary obstruction as a result, 
this being its main and important effect. The enlargement 
possibly is due to some imbalance of hormonal control. 

The anatomic changes are the result of hyperplasia in the 
lateral lobes, the median lobe, or the subcervical glands of 
Albarran. The earliest change is usually a proliferation 
of periductal, periacmar, and periurethral stroma, relatively 
rich in smooth muscle fibers but deficient in elastic tissue. 
Hyperplastic glandular growth usually occurs as a secondary 
phenomenon. Localized nodules of tumor-like or adenomatous 
tissue result, in which there are cystic dilatations of acini 
with papillary infoldings lined by a single layer of high col- 
umnar epithelium, and also areas with increase in number 
of acini. Occasionally there are nodules composed only of 
smooth muscle, or masses of lymphoid tissue. 

The effect of prostatic enlargement is to obstruct the out- 
fiow of urine. Enlargement of the. lateral lobes compresses 
the urethra into a narrow and irregular slit. Enlargement 
of the median lobe or of the subcervical glands of Albarran 
results in a nodular mass which pushes up the fioor of the 
bladder just inside the sphincter or in the proximal part of 
the urethra. This midline enlargement is particularly effec- 
tive in obstructing outflow of urine, acting as. a plug to close 
the urethral orifice. A small sac forms behind the prostatic 
nodule, from which urine cannot be expelled, and contains 
the so-called residual urine.*® 

Results of the obstruction may be seen in all parts of the 
urinary tract proximal to the prostate. The bladder be- 
comes hypertrophied, with prominent muscular trabeculation 
evident on its mucosal surface. Diverticula may develop 
in weak areas between the trabeculae. The ureters and rmx^ 
pelvices undergo dilatation (hydroureter and hydronephrosis). 

The etiology has been variously considered to be chronic 
inflammation, arteriosclerosis, and hormonal imbalance. The 
concept that the condition is one of true tumor formation 
has been rejected, and the nodular hyperplasia is thought 
to be a response to excessive stimulation by a hormone from 
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the interstitial cells of the testes. Hormone production by 
the testis is itself under the control of gonadotropic princi- 
ples of the pituitary.®^ 

Carcinoma. — Carcinoma of the prostate occurs with increas- 
ing frequency after the fourth decade, being found in 14 to 
29 per cent of males examined at autopsy in the older age 
groups.®^ In a large proportion of these cases the cancer 
is occult and has given rise to no clinical manifestations. Its 
occurrence is associated with senile atrophy of the gland, but 
it is quite independent of the condition of benign enlargement. 
The posterior lobe is most often affected, but it may arise in 
any part of the gland. Acid phosphatase of the serum is usu- 
ally increased in patients with carcinoma of the prostate. If 
there are skeletal metastases, the alkaline phosphatase also 
may be increased. 

The carcinomatous prostate tends to be firm or hard, and 
lacking the elastic consistency of benign enlargement. With 
invasion through the capsule, the prostate becomes fixed to 
surrounding structures. Microscopically, there are numer- 
ous acini which tend to be irregular and lined by several 
layers of epithelium, and also solid cords of epithelial cells 
irregularly invading adjacent tissue. Invasion of the cap- 
sular perineural lymphatics occurs early. More distant 
lymphatic spread to the pelvic nodes is a late occurrence. 
Hematogenous metastasis to bone is common, where an osteo- 
plastic reaction is induced by the tumor cells. (See p. 666.) 
Treatment by castration or with stilbestrol causes degen- 
erative and atrophic changes in the tumor cells. 

Sarcoma. — Sarcoma of the prostate is rare and easily con- 
fused with anaplastic carcinoma. Myosarcoma appears to be 
the most frequent type, but lymphosarcoma, spindle-cell sar- 
coma, and other forms also occur. 
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CHAPTER XIV 
THE LUNGS 


BRONCHI 

The bronchi are involved in four main types of lesions; 
inflammation (bronchitis), obstructions (bronchial asthma), 
dilatations (bronchiectasis), and tumors (bronchogenic car- 
cinoma). These types are frequently mixed, e.g., bronchiec- 
tasis and asthma have inflammatory changes as an integral 
part of the picture, and bronchogenic carcinoma may be as- 
sociated with obstruction of the bronchial lumen. 

Inflammation 

Acute Bronchitis. — ^Acute bronchial inflammations have a 
varied etiology, and a number of organisms may be found in 
the associated exudate. In many cases the trachea and 
larynx are involved as well, so that the condition is a laryn- 
gotracheobronchitis. Influenza is primarily a tracheobron- 
chitis. Downward extension of diphtheria produces a fibrin- 
ous bronchitis. Pneumonic involvement of lung has an asso- 
ciated acute bronchitis. 

In acute bronchitis the mucosa is thickened, reddened, and 
eventually covered by exudate which may be mucoid, fibrin- 
ous, or purulent. Microscopically one finds congestion and 
infiltration of mucosa and often of deeper layers by polymor- 
phonuclear leucoc^es. In severe cases, necrosis and desqua- 
mation of the epithelial surface may be evident, blending 
with the exudate on the surface. Dilatation (bronchiecta- 
sis) may result from the injury to bronchial walls, or abscess 
formation may follow spread of the infection. 

Chronic Bronchitis. — Chronic bronchial inflammation is a 
common condition usually associated with one of three con- 
ditions: (1) heart disease in which there is a chronic con- 
gestion of the lung; (2) infection in the upper respiratory 
tract, such as chronic sinusitis; (3) bronchiectasis. Less 
commonly it may be due to prolonged exposure to irritating 
dusts or gases. 

The bronchial mucosa is covered with a mucoid or muco- 
purulent exudate and is reddened and thickened so as to 
obscure the normal longitudinal markings. Microscopically 
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one finds 'widespread infiltration by lymphoid cells and ex- 
cess of fibrous connective tissue. The mucosal epithelium 
may be cubical or flattened, and the mucous glands atrophic. 

Obstruction 

Obstruction of a bronchial lumen can be produced by (1) 
aspirated foreign material, (2) neoplasms, (3) pressure from 
without, as by enlarged lymph nodes, (4) inflammation or 
its sequelae, and (5) asthma. A complete obstruction leads 
to collapse (atelectasis) of the lung tissue supplied by ■fte 
obstructed bronfihus. Incomplete obstruction, or one which 
allows entrance of air by active inspiration but blocks its 
exit on passive expiration, leads to dilatation of alveoli (em- 
physema). Aspiration of foreign substances into bronchi 
often leads to abscess of the lung. 

Bronchial Asthma. — ^Asthma is an allergic condition char- 
acterized by dyspnea, with particular difficulty in expiration. 
The sensitmty may be to food, pollens, or bacterial prod- 
ucts. However, an aUergie basis is not demonstrable in all 
cases of asthma, and metabolic changes may be present which 
suggest a functional disturbance of the adrenal cortex.* 
Sputum produced in asthma is often distinctive due to 
a content of eoanophiles, Curschmann’s spirals, and Charcot- 
Leyden crystals. Excessive numbers of eosinophiles may be 
found in the blood. Asthmatic attacks are characterized by 
spasm of bronchial muscles and overproduction of mucus by 
bronchial glands. Death during an attack is uncommon. 

The lungs in asthmatics are voluminous and emphysema- 
tous. Areas of atelectasis also may occur due to persistent 
bronchial obstruction by mucous plugs. 

In the bronehiolar wall there are (1) infiltration of eosin- 
ophiles, (2) hypertrophy of muscle, (3) a thickened base- 
ment membrane and •widened submucosal layer, and (4) en- 
largement and hyperactivity of mucous glands, which may 
be infiltrated by eosinophiles. Excessive mucous secretion 
is present in the lumen, sometimes in the form of peculiar 
spiral plugs (Curschmann’s spirals).^’ ® 

Bronchiectasis 

Bronchiectasis is a dilatation of bronchi, either in a local 
area, or generalized. The dilatation may be cylindrical, fusi- 
form, or saccular, i£ localized to one area. The lower lobes 
are more commonly involved, and the left more frequently 
than the right. The condition is frequently associated ■with 
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(1) chronic bronchitis or (2) multiple abscess formation 
due to invasion of pyogenic and fusospirochetal organisms. 

Etiology. — The etiology and pathogenesis have been much 
debated, but a number of factors are considered causative, 
their relative importance varying in different eases. These 
factors are: 

1. Infectioii of the bronchial wall. Acute respiratory in- 
fection involving the bronchial wall, partieidarly in children, 
may injure or destroy muscle and elastic tissue. This most 
commonly follows bronchopneumonia or bronchitis compli- 
cating whooping cough, measles, and influenza. 

2. Traction on the bronchial wall from without. This may 
occur either from (a) atelectasis of lung tissue or (b) con- 
traction of scar tissue resulting from inflammation of alveo- 
lar and bronchial tissue. Atelectasis brought about by an 
obstruction of the bronchial lumen exerts elastic pull on the 
bronchial wall because of the negative pleural pressure and 
the necessity for spatial adjustment in the thoracic cage. 
Fibrous contraction of pulmonary tissue, from tuberculosis, 
fibrosing pneumonia, etc., similarly may exert traction tend- 
ing to dilate bronchi. 

3. Increased intrabronchial pressure, such as produced by 
coughing. This may act to dilate bronchi when the wall is 
already weakened by an inflammatory and destructive process. 

4. Congenital abnormality in. brmichial development, par- 
ticularly of the muscular and elastic components. There is 
a congenital type of bronchiectasis, which includes the lesion 
referred to as congenital lung cyst. That a developmental 
factor may be important in the seemingly acquired cases has 
been suggested by the peculiar distribution of bronchiectasis, 
its frequent familial occurrence, and association with other 
devdopmental abnormalities.** ®’ ** '' 

Lesions. — The dilated bronchi are evident on the cut sur- 
face of the bronchiectatic lung. In the lower lobes the dila- 
tations are usually cylindrical, whereas in the less commonly 
involved upper lobes they tend to be saccular. 'WTaen inflam- 
mation is marked, particularly with pyogenic and fusospiro- 
chetal infections, the bronchiectases appear grossly as mul- 
tiple abscess cavities. 

Microscopically, the essential change is absence, damage, 
or destruction of muscular and elastic elements of the bron- 
chial wall. This may be accompanied by variable degrees 
of inflammation. In slight and chronic bronchiectasis there 
may be either atrophy or hypertrophy of mucosa, with in- 
filtration of lymphoc^es and plasma cells in the bronchial 
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wall, and eventnally fibrosis. Sqxiamous metaplasia of the 
lining is an occasional occurrence. With severe inflamma- 
tion there may be necrosis of tissue, purulent exudate, and 
abscess formation. A focal necrotizing pulmonary lesion or 
abscess in the process of healing may become lined by a wall 
resembling that of a dilated bronchus, so that it is often 
mistakenly considered as a saccular type of bronchiectasis. 

Congenital Bronchiectasis and Congenital Lung Cyst. — 
Congenital bronchiectasis is rare, and frequently spoken of 
as cystic disease of the lung.^ Anomalous bronchial or pul- 
monary development results in variously sized cavities, 
which may or may not have an opening into a bronchus. 
The cyst is lined by columnar epithelium, and some rem- 
nants of muscle and cartilage may be found in the wall. 



Pig. 160. — Oylindrical cell carciaoma of bronelius. The tumor has a 
papillary structure. 


Bronchogenic Carcinoma 

Primary carcinoma of the lung is of frequent and increas- 
ing occurrence. It is more common in men, and the great- 
est incidence is in middle life.^^ The etiology and the reason 
for its increase are unknown, but often are blamed on tar- 
ring of roads and use of tobacco. It is mainly broncho- 
genic in origin, arising from* bronchial mucosa or glands. 
Grossly it may occur as a tumor mass at the hilus of the 
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lung, as multiple tumor nodules, or as a diffuse pulmonic 
spread of tumor. Microscopically, the main histologic tsrpes 
are squamous cell, undifferentiated (reserve cell), and co- 
lumnar cell, in that order of frequency. Metastases tend to 
be widespread, most often involving the regional, cervical, 
and abdominal lymph nodes, and the liver, kidneys, ad- 
renals, bones, and brain. 

A siaall proportion of primary tumors of the lung are con- 
sidered to arise from alveoli, rather than to be bronchogenic, 
and ^ve been termed alveolar cell tumors.^® The gross form 
may be multiple nodular tumors, or a diffuse involvement 
of one lobe or lung. The alveolar walls comprise the stroma, 
and are lined by cuboidal or columnar tumor cells, often with 
papillary protrusions into the lumen. 

Incidence and Etiology. — The lung ranks as one of the 
commonest sites for primary carcinoma, in some autopsy 
series being exceeded in frequency only by the stomach. 
Its incidence has been increasing in recent years, though 
much of the increase may be apparent rather than real and 
due largely to better recognition of the condition and the 
increased span of life.®* 

As in cancer elsewhere, the exact etiology is obscure. The 
role played by inspired irritants, such as dust from mines, 
roads, and tobacco smoke, has been emphasized in recent 
publications.’^* In certain miners the incidence of broncho- 
genic carcinoma is very high and has been attributed to a 
radioactive element in the dust of the mines. Silicosis and 
asbestosis have been believed also to be predisposing factors.®* 
The evidence that smoking may play an etiologic role W 
been reviewed by Oehsner and DeBakey.** Hereditary pre- 
disposition is probably important in puliuonary carcinoma, as 
in cancer elsewhere. 

Gross Types. — ^While extremely variable in gross appear- 
ance, most pulmona^ carcinomas fall in three groups. The 
most common is a hilar infiltrating form, in which there are 
large tumor masses about the bronchi at the hilus of the 
lung, causing stenosis and ulceration of a bronchus, and 
often massively involving mediastinal and peribronchijJ 
lymph nodes. In the less common nodular form, there are 
multiple nodular tumor masses scattered through the lung. 
A diffuse form, emulating a pneumonia or organizing con- 
solidation of the lung, may be diffieult to recognize grossly. 

By bronchial obstruction, pulmonary carcinoma may re- 
sult in abscess, pneumonia, bronchiectasis, or atelectasis. Ih 
the apex of the lung and at the thoracic inlet the tumor may 
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result in a distinctive clinical symptom complex, charac- 
terized by pain around the shoulder and radiating down 
the arm, Homer’s syndrome (unilateral exophthalmos, miosis, 
ptosis, and anhidrosis), and atrophy of the muscles of the 
arm and hand. Pancoast^^ described the lesion in such 
cases as a ‘ * superior pulmonary sulcus tumor. ’ * These apical 
tumors are apparently carcinomas of the terminal bronchi- 
oles which extend to involve the inferior cervical ganglion 
and the brachial plexus. 

Microscopic Structure. — Carcinoma of the lung is be- 
lieved to arise from mucosal and gland cells of the bronchi 
rather than from the alveolar lining cells. While these tu- 
mors show considerable histologic variation, they can usu- 
ally be classed as squamous cell, undifferentiated, and co- 
lumnar cell types. 

The squamous cell type is most common and may show 
formation of keratin pearls and intercellular bridges. The 
parent (reserve) cells of bronchial epithelium are capable 
of differentiation into squamous cells, and squamous meta- 
plasia of this epithelium not infrequently results from 
chronic inflammatory processes. 

The xindifferentiated group are anaplastic tumors which 
arise from embryonic or reserve’’^® cells of bronchial 
epithelium. They consist of round, spindle-shaped or oat- 
shaped cells, with scanty cytoplasm, deeply staining nu- 
clei, and without any particular structural formation. Some 
of the undifferentiated tumors are often mistaken for sar- 
coma. Occasional foci of differentiation, with squamous or 
cylindrical cells, may be found. 

The cylindrical cell carcinomas are composed of cuboidal 
or cylindrical epithelial cells and may be differentiated 
enough to form glandular or mucous structures. 

The histologic form can be correlated to some extent with 
type of spread and prognosis.^® The squamous cell variety 
is relatively slow in growth, forming a bulky, locally in- 
vasive tumor often accompanied by infection and necrosis, 
but with relatively little tendency to metastasize. The un- 
differentiated type is highly malignant and has a poor 
prognosis. Usually arising at the hilus of the lung, it tends 
to invade the mediastinum and extend widely by lymphatics. 
The columnar cell carcinoma offers a poorer outlook than 
the squamous cell type, as it tends to metastasize widely by 
the blood stream as well as involving lymph nodes. 

Metastasis. — Spread of carcinoma of the lung is by di- 
rect extension, through lymphatics, by the blood stream, 
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and by ** bronchial embolism.'’ Regional lymph nodes are 
involved in a high proportion of cases, the other common 
sites of metastasis being liver, adrenals, bones, brain, and 
kidneys. A hematogenous spread may produce very widely 
disseminated metastases. 

Bronchial Adenoma 

Polypoid bronchial adenomas form less than 10 per cent 
of bronchogenic tumors. They arise in the wall of a major 
bronchus, under its mucous membrane, and grow into and 
occlude the lumen. Chronic pulmonary suppuration is a com- 
mon complication as a result of the bronchial obstruction. 



Fig. 161. — ^Bronchial adenoma. (Army Medical Museum, courtesy 
Major Arthur C. Allen.) 

They tend to occur in youth or middle age, at a lower average 
age than bronchogenic carcinoma, and are more frequent in 
females. Their growth is slow, and although there may be 
scane local invasion, metastases rarely occur. The micro- 
scopic structure is variable, but often there are cords, strands, 
or alveolar masses of cells with dark nuclei and scanty or 
clear cytoplasm, and lacking evidence of rapid growth. The 
stroma is variable in amount, but often highly vascular. A 
microscopic resemblance to carcinoid tumors of the bowel 
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been pointed out. The exact cellular origin is still under 
discussion. While considered by some to be mixed tumors 
of embryonic origin,^’’ they are more generally considered to 
arise from the bronchial serous or mucous glands, and pos- 
sibly from oncoe;^i:es, peculiar cells with acidophilic granules 
which occur among adult bronchial glands.^^ 

Metastatic Carcinoma of Lung 

The lung is a common site for metastatic tumors, spread 
usually being by the blood stream. Sarcomas, such as those 
of skin or bone, frequently produce metastases in the lungs, 



Pig. 162. — Metastatic carcinoma of lung (primary in esophagus). 
(Courtesy Dr. H. C. Scbmeisser.) 

as do also the renal tumors, hypernephroma, and embryonal 
adenosarcoma. Usually multiple discrete nodular tumor 
masses are produced. Occasionally a lymphatic extension to 
the lung may occur from cancer of the breast. A peculiar 
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type of tumor metastasis to the lung has been described under 
the terms lymphangitis carcinoma and “diffuse infiltrative 
carcinoma.”*®'*^ The clmieally inconspicuous primary tumor 
is an infiltrative scirrhous carcinoma of the stomach or colon 
occurring in a young adult or in early middle life. Eapidly 
progressing pulmonary symptoms of dyspnea, cyanosis and 
unproductive cough, with few physical signs, may be termin- 
ated by failure of the right side of the heart. No discrete 
tumor metastases are seen in the lungs, but microscopically 
cancer cells are found diffusely infiltrating perivascular, peri- 
bronchial, and subpleural lymphatic spaces. In some cases 
there is an accompanjung obliterative endarteritis.*® 



Pig. 163. — ^Metastatic adeaoearcinoma of thyroid in lung. 


FNEUIVIOinA 

Inflammation of lung tissue when unaccompanied by 
necrosis is called pneumonia, though sometimes it is quite 
logically referred to as pneumonitis. Though commonly 
of bacterial origin, certain types (e.g., lipoid pneumonia) are 
due to other irritants. The common types are known as 
lobar pneumonia, lobular (broncho-) pneumonia, and inter- 
stitial pneumonia. Lobar pneumonia is almost always due 
to pneumococcic infection, whereas bronchopneumonia is 
caused by a wide variety of organisms. Interstitial pneu- 
monia is a common manifestation of congenital syphilis 
(pneumonia alba). It also may be of virus etiology or fol- 
low certain infectious diseases. 
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Lobar Pneumonia 

Lobar pneumonia is a diffuse pneumococcic consolidation 
affecting one or more lobes of the lungs. It occurs spo- 
radically, at all ages, and in previously healthy individuals- 
The disease has a rapid onset with severe prostration, and 
a serious mortality rate. After a course of one or two 



Fig. 164. — ^Lobar pneumonia. Gray hepatization of lower lobe of 
lung. The pleural surface has a thick fibrinous exudate. (Courtesy 
Dr. H. 0. Schmeisser.) 

weeks, recovery may occur by lysis or crisis, or it may be 
complicated by organization of the exudate, empyema, ab- 
scess formation, pericarditis, endocarditis, or meningitis. 
In the earliest stage the involved lobe is edematous and 






354 


SYNOPSIS OP PATHOLOGY 


congested, followed rapidly by a stage of red hepatization 
(consolidation) in which a fibrino-purulent exudate is added 
to the congestion. This in turn is followed by gray hepatiza- 
tion, in which stage congestion is no longer present, and 
there is degeneration of cells of the exudate. In favorable 
cases resolution follows, with increase in the proportion 
of macrophages, and finally absorption of the exudate and 
restitution of the lung tissue to its previous healthy con- 
dition. 

Etiology. — ^Lobar pneumonia is caused in almost all cases 
by pneumococci, but it may be caused by Friedlander’s 
pneumobacillus. The pneumococcus is an encapsulated 
diplococcus which produces green colonies on blood agar, 
ferments inulin, and is soluble in bile. Pneumococci are 
not aU alike but have different capsular carbohydrates and 
form specific immxmologic types. The particular type may 
be determined by noting capsular swelling when the or- 
ganism is in contact with the type-specific serum (Neufeld 
reaction) or by agglutination reaction of mouse-cultured 
organisms with specific sera. Pneumococci may be im- 
munologically classified into three main types, and a fourth 
group which contains numerous specific types of relatively 
lesser importance. Their approximate incidence in lobar 
pneumonia, and the approximate mortality (without treat- 
ment by specific sera or sulfonamide drugs) is as follows : 



TYPE I 

TYPE II 

TYPE ni 

GROUP IV 

Incidence, % 

30 

15 

12 

43 

Mortality, % 

85 

45 

45 

20 


A considerable proportion of healthy individuals have 
pneumococci in their sputum, but these organisms are usu- 
ally of low virulence and belonging to Group TV. 

Accessory etiologic factors believed of importance in- 
clude acute upper respiratory infection, chilling of the 
body, and alcoholism. Some evidence suggests that bac- 
terial allergy may have an etiologic role. 

Pathogenesis. — ^Pneumococci reach the lungs by way ef 
the respiratory passages. The bacteriemia which often is 
present is believed to be secondai^ to the pneumonia, rather 
than primary. Blake and CecU** produced experimental 
lobar pneumonia in monkeys by injection of pneumococci 
into the trachea. This resulted in an interstitial spread of 
the infection from the hilum to the periphery of the lung. 
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with subsequent outpouring of exudate into alveoli. Fur- 
ther clinical and experimental studies have suggested a 
different course of events in human lobar pneumonia. 
Robertson and his associates-^ produced in the dog a lobar 
pneumonia closely resembling that which occurs in humans 



Fig. 165. — ^Lobar pneumonia. An exudate of fibrin and leucocytes fills 

the alveoli. 


by implanting pneumococci suspended in a starch-broth 
paste into the terminal air sacs. A rapid outpouring of 
edema fluid quickly dispersed the organisms throughout the 
lobe by way of air passages and through the pores of Cohn 
in the alveolar walls, followed later by leucocytic exudation. 
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Morbid Anatomy. — The pneumonic process goes through 
a series of stages which are characteristic and roughly in- 
dicate the age of the process. There is no sharp dividing 
line between these stages, which merge into each other; dif- 
ferent stages are often evident in different portions of the 
involved lung. Acute inflammation in the lung has the 
characteristics of acute inflammation elsewhere, i.e., vas- 
cular congestion, and outpouring of a fluid and cellular 
exudate. 

The earliest stage of congestion is characterized by en- 
gorgement of blood vessels and outpouring of fluid into 
alveolar spaces. The involved lobe is heavier and less crep- 
itant than normal, red from the congestion and diapedesis 
of red cells, and oozes frothy bloody fluid from its cut sur- 
face. 

The stage of red hepatization rapidly follows ; the lobe is 
consolidated by exudate Ailing the air sacs and has the 
consistency of liver tissue. The cut surface is dark red in 
color and markedly granular. Microscopically, the alveoli 
are flUed by fibrin mixed with red cells and polymorphonu- 
clear leucocytes. These cells are in a good state of preserva- 
tion, and the vessels in the alveolar walls are congested. 
Many pneumococci are present in the alveoli. The pleura 
over the affected lobe is covered by a fibrinous exudate. 
The bronchi likewise show an acute inflammation. 

In the stage of gray hepatization the lobe is still solid 
and of liver-Hke consistency, but it is somewhat softer than 
in the red stage, and less granular. The gray color is due 
to disappearance of the congestion and of the red cells in 
the alveoli, and to an increased proportion of leucocytes in 
the alveolar exudate. The bronchi contain a purulent ex- 
udate. Microscopically, the alveolar exudate contains a 
large proportion of polymorphonuclear leucocytes and rel- 
atively less fibrin and red cells. In later periods of 
stage the cells of the exudate show degeneration and dis- 
integration. Pneumococci are stfll numerous in the exudate. 

In the stage of resolution the cut surface of the lung has 
a somewhat translucent jelly-like appearance. At this time 
many free macrophages are found in the alveoli, arising 
from transformation of fixed tissue cells. The macrophages 
engulf and destroy the organisms, which consequentiy are 
scarce in this stage. Polymo^honuclear leucocytes are less 
numerous and are disintegrating. 

During recovery the exudate is removed by being coughed 
op> by phagocytosis and removal by macrophages, and by 
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liquefaction and absorption. The final result in the uncom- 
plicated case of recovery is restoration of the lung to its 
previous condition with no residual scars. 



Fig. 166. — Organizii^ pneamonia. Tlid straada of connective tissue can 
1^ seen passing from one alveolus to another. 


Robertson bas pointed out that the mechanism of re- 
covery is a dual one, consisting of a generalized process of 
immunization which localizes the infection and controls bac- 
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teriemia, and the local macrophage reaction which destroys 
the pneumococci in the involred lobe. Failure of either 
process results in death. After recovery, a local immunity 
to reinfection persists in the involved lobe as long as mac- 
rophages are still present. 



Pig. 167.— Pneumococcic pencarditis. Note the abundant fibrinous ex- 
udate. (Courtesy Dr. H. 0. Schmeisser.) 


Complications. — ^While most cases clear up without per- 
sisting lesions, a variety of complications may occur. Empy- 
ema is a persistent purulent pleurii^ which follows the 
pneumonia. When the purulent effusion is large, the lung 
tissue collapses proportionately. Spread of pneumonia to 
cause pericarditis occasionally occurs. More rarely, there 
may be metastatic blood spread to cause pneumococcal 
meningitis, arthritis, or endocarditis. 

In the involved lung tissue several complications may de- 
velop. Occasionally there is breakdown of tissue with lo- 
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calized abscess formation. Secondary infection of the ab- 
scess by fusospirochetal or putrefactive organisms results in 
gangrene. In rare cases resolution of the alveolar exudate 
fails to occur, and it becomes organized. Such an organiz- 
ing pneumonia is characterized grossly by, a dense, solid, 
fleshy or elastic consistency, to which the term earnifieation 
of the lung often is applied, ilicroscopically, there are 
masses of fibrous tissue which fill the alveoli and join by 
fine strands passing through small openings in the alveolar 
walls. 


Bronchopneumonia (Lobular Pneumonia) 

In bronchopneumonia the inflammatory consolidation is 
patchy and irregular in distribution. It is usually sec- 
ondary to or a complication of some other disease or infec- 
tion, and the etiologic agents include a variety of bacteria 
and other irritants. The most common microorganisms in- 
volved are the pneumococcus (usually from Group IV),. 
streptococcus, influenza bacillus, and staphylococcus. Spe- 
cific types of bronchopneumonia occur in tuberculosis^ 
tularemia, and plague. 

In the pathogenesis of most cases the infection reaches 
the lung by air passages, with development of a bronchitis 
and spread to involve alveoli immediately adjacent to a 
bronchiole. Direct spread then may involve contiguous 
lobules. In some cases this spread and confluence may be 
such that a whole lobe is involved, and distinction from 
lobar pneumonia is not obvious. Pyemia with numerous 
septic emboli to the lung setting up many small focal areas 
of inflammation may produce a condition which is grossly 
very similar to bronchopneumonia. 

Examined grossly, both lungs usually are found to be in- 
volved, but unequally, and the lower lobes in their posterior 
and basal parts are particularly affected. Firm nodular 
areas of consolidation are palpable, and pus can be squeezed 
from the cut bronchioles in these areas. There is usually 
little or no exudate on the pleural surface, but it is apt to 
be mottled by alternating bluish and red areas. The cut 
surface of the lung is moist pnd red, with some projecting 
reddish-gray areas of consolidation. These areas can often 
be felt more easily than seen. Some bluish areas of coUapse 
and lighter areas of emphysema are often present as well. 
The moist and nongranular character of the cut surface dif- 
fers from that of lobar pneumonia. 
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Microscopically, the consolidated areas show alveoli con- 
taining mononuclear and polymorphonuclear leucocytes; 
fibrin and red cells are relatively scarce, though hemorrhagic 
types may be found, particularly in influenzal and staphylo- 
coccal pneumonias. Necrosis of tissue and abscess forma- 
tion may be present in the cases due to streptococci and 
staphylococci. The alveolar walls are congested. Bronchi- 
oles in the area contain exudate in their lumina and leuco- 
cytic inflltration in their walls and extending interstitially 
for a variable distance around them. 

Types of bronchopneumonia having a particular patho- 
genesis are often given distinctive names, though they have 
in common many of the features which have been noted. 
Hypostatic or terminal pneumonia is that type often found 
in patients with heart disease or cerebral hemorrhage. The 
consolidation is found in lower and posterior parts of the 
lung where passive congestion has been present. Aspiration 
pneumonia is due to aspiration of material into the lung — 
e.g., septic material may be inhaled during an operation, 
particularly if the operation has involved the mouth, 
pharynx, or upper respiratoiy tract. Postoperative pneu- 
monia may be of the aspiration type, but often it is due to 
postoperative atelectasis of areas of lung tissue as a result 
of plugging of bronchi or bronchioles by secretion or ex- 
udate. Suppurative pneumonia, in which necrosis and pus 
foimation ai'^e distinctive features, may be due to staphylo- 
cocci, hemdlytic streptococci or pneumococci.®* Chemical 
pneumonias are those due to irritating or poisonous gases, 
such as may be used in war. 

Interstitial Pneumonia 

An interstitial reaction, particularly with mononuclear 
cells, occurs in the pneumonias which follow and complicate 
meades, influenza, whooping cough, psittacosis, and other 
infectious diseases. This type of response has been re- 
garded as the characteristic pneumonic reaction to a virus, 
or to combined action of a virus and bacteria. Recent 
epidemics of at^ical virus pneumonia®®* have exhibited 
interstitial reaction. The change is not an exclusive feature 
of virus infections, however, as toxoplasmosis may show this 
change,®^ and it may be produced by bacterial toxins or or- 
ganisms such as the Bordet-Gengou bacillus.®® Virus pneu- 
monias, including the giant-cell pneumonia of infancy, are 
considered on p. 120. 
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The gross features of interstitial bronchopneumonia are 
not characteristic but microscopically there is an interstitial 
thickening, particularly around the bronchi and bronchioles, 
and in adjacent alveolar walls. This is due to an increase 
in the number of mononuclear cells. Bronchioles and al- 
veoli may contain polymorphonuclear leucocytes as well, 
though even in alveoli mononuclear cells and fibrin may 
predominate. 



Fig. 168. — ^Acute diffuse interstitial fibrosis of lung. (Section by 
courtefiy of Dr. A. B. Bich.) 
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Acute Diffuse Interstitial Fibrosis 

Hamman and Bieli have described an unusual condition 
of unknown etiology, eliaraeterized by a diffuse and pro- 
gressive fibrosis of alveolar walls. The inflammatory process 
is marked by edema, hemorrhage, and but few leucocytes, 
although eosinophiles may be present in the interstitial tissue. 
There is an absence of stainable bacteria in the lesions. Pro- 
gressive interstitial fibrosis follows, resulting in deficient 
aeration of the blood and manifested by dyspnea and cyano- 
sis. Enlargement and failure of the right side of the heart 
may develop within a few weeks.®® 

Tularemic Pneumonia 

Tularemic pneumonia is found in more than half the fatal 
cases of tularemia.^® The organisms probably reach the lung 
by hematogenous spread. 

The pulmonary lesion is a nodular or confluent broncho- 
pneumonia, characterized by focal areas of caseous necrosis. 
In the exudate around such areas mononuclear cells pre- 
dominate, though some lymphocytes, plasma cells, red cells, 
and polymorphonuclear leucocytes may be present as well 
One sees congestion of alveolar walls and sometimes a swell- 
ing of alveolar lining. Pleurisy with effusion and bronchitis 
frequently accompany the necrotizing pneumonia. 

Lipoid Pneumonia 

The reactive lesions in the lung due to oily and fatty 
substances introduced by way of the trachea have been 
termed lipoid pneumonia. Cod-liver oil and liquid petrola- 
tum are the common causative agents, though olive oil, 
milk fat, and other substances may produce similar le- 
sions.®^*®® The fatty or oily materials gain entrance to the 
lung by way of the trachea, due to forced feeding, dis- 
turbance of the swallowing mechanism, or excessive use of an 
oily (liquid petrolatum) base in nasal and laryngeal instilla- 
tions. The condition is most frequent in infants, but an 
adult type also occurs in which liquid petrolatum is usually 
the offending agent. The fundamental lesion of lipoid 
pneumonia is an interstitial proliferative inflammation, 
which is essentially a foreign body reaction. Macrophages 
laden mth oil or fat, foreign body giant cells and increased 
connective tissue or the essential features. Adult and in- 
fantile types have been described. In “lipoid pneumonia of 
the infantile type’’ there is pulmonary consolidation due 
to fat-laden macrophages and other inflammatory cells in 
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alveoli and alveolar walls, with but little fibrosis. ‘'Lipoid 
pneumonia of the adult type” ^parafifinoma) is a nodular 
or tumor-like lesion in which fibrous scarring is prominent. 
The lesions are commonly located around the hilar region 
of the posterior and dependent portions of the lung. Liquid 
petrolatum may be identified in tissue sections by its fail- 
ure to stain black with osmic acid although stainable by 
scarlet red. Cod-liver oil in the tissues is characterized by 
shredding of the oil and acid-fast staining by the Ziehl- 
Neelsen method.®^ 


Eheumatic Pneumonia 

While cardiac lesions are of prime importance in rheu- 
matic fever, pulmonary involvement is common. Mitral 
stenosis gives rise to a chronic passive congestion of the 
lung, resulting in brown induration. In addition to such 
changes, more specific primary rheumatic lesions have been 
described in the lung.®^ This change is an interstitial pneu- 
monitis, focal or widespread, and with a tendency to re- 
currence. In acute phases congestion and hemorrhage are 
prominent. Focal areas of inflammation occur, with fibri- 
noid necrosis, proliferation, and infiltration of large basophilic 
‘‘AschofiE” cells, and eventual fibrosis. The peculiar focal 
areas of granulomatous inflammation have been referred 
to as ‘‘Masson bodies.”®* The specificity of the lesions is 
disputed.®® There is a basic similarity to lesions produced 
by anaphylactic hypersensitivity and in the pneumonitis 
caused by sulfonamide hypersensitivity.®® In subacute and 
chronic phases the lung is of rubbery consistency, the tough- 
ness being due to interstitial fibrosis and hyperplasia of elastic 
tissue. Such late changes may be difficult to separate from 
those due to passive congestion (see below) . Pleurisy is also 
a common manifestation of rheumatic fever. 

Hyperplasia of the Pulmonary Alveolar Lining 

In a variety of pathologic conditions, alveolar lining cells 
appear, and probably are derived from “septal cells,” nor- 
mally found scattered in alveolar walls or in the niches be- 
tween capillaries. Such changes have been described in 
chronic passive congestion ; interstitial and lipoid pneu- 
monias, around tuberculous foci, and in pneumonia alba of 
congenital syphilis. A few cases of diffuse hyperplasia of 
alveolar lining calls (pulmonary adenomatosis) have been 
described, and resemble the pulmonary lesions of jaagsiekte, 
an endemic infectious disease of sheep. ®^'*® 
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CIBCULATOEY DISTTJEBANCES 
Congestion 

Active congestion in the lung accompanies acute inflam- 
mations or follows inhalation of irritants. Passive conges- 
tion is more common, the h 3 ?postatio form being found, in 
almost every autopsy. The lower and posterior parts of the 
lungs are dark red and firmer than normal. More important 
is the chronic passive congestion which accompanies pul- 
monary hypertension and failure in the pulmonary circula- 
tion. This generalized pulmonary hyperemia may be pr^- 
ent for an extensive period and gives rise to brown pig- 
mentation and increased firmness, a condition called “brown, 
induration of the lung.’* The most important cause is mitral 
stenosis, but aortic stenosis, certain congenital cardiac de- 
fects, and other lesions occasionally give the same result. 
The brown color of the lung is due to hemosiderin pigment, 
most of which is held in macrophages in alveolar spaces 
(“heart failure cells”). Parker and Weiss*^ have described 
the changes in the lung which interfere with function. The 
thickness of alveolar walls, through which oxygen and 
carbon dioxide must diffuse, may be increased many times. 
The alveolar walls have increased collagenous interstitial 
tissue, thickening of capillary basement membranes, dilated 
capillaries, and edema. Alveolar lining cells tend toward 
cuboidal shape. Pulmonary vascular changes are common 
in such cases and consist of intimal thickening and athero- 
sclerosis of arteries, hyperplastic arteriolar sclerosis, and in 
some severe eases even arteriolar necrosis. These vascular 
lesions are promoted by the high intravascular pressure, 
stagnation of blood, and edema. 

Edema 

Edema fluid in the lung may be (1) of inflammatory 
origin, or (2) a transudate occurring in eases of passive 
congestion or failure of the pulmonary circulation. In- 
flammatory edema is prominent in early stages of pneu- 
monia, and its high protein content causes it to stain well 
■vnth eosin. The edematous lung is large, pale, heavy, and 
pits on pressure. "Watery, frothy fluid flows or may be 
squeezed from the cut surface. In sections the edema fluid 
appears as a faint eosin-staining material in the alveolar 
spaces. 
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Thrombosis, Embolism, and Infarction 

Blockage of pulmonary arteries by embolism is common, 
but pimary thrombosis is relatively rare. Thrombi which 
^ve rise to pulmonary embolism most commonly originate 
in the iliac veins, femoral veins, pelvic veins, prostatic 
venous plexus, vena cava, and right auricle. Postoperative 
pulmonary embolism is most apt to follow abdominal or 
pelvic surgical procedures. If the embolus blocks the pul- 
monary artery or one of its large branches, it may cause 
rapid death. The actual mechanism of death appears to 
be a sympathetic-inhibitory reflex or shoek.^^ There is in- 
sufficient time for development of an infarct of the lung 
in such rapidly fatal cases. Demonstration of the embolus 
at autopsy often can be facilitated by opening the pul- 
monary artery in situ before removal of the heart. 

Blockage of smaller pulmonary arteries by emboli re- 
sults in infarction of lung tissue if there is already some 
interference with the pulmonary circulation, such as passive 
congestion. Pulmonary infarcts are practically always red 
and hemorrhagic. They form bulging, dark red, firm, 
conical areas, with their base at the pleural surface. Micro- 
scopically, the whole area of infarction, including alveolar 
spaces, walls, and capillaries, is stuffed with blood. In 
later stages necrosis of alveolar walls may be observed, and 
there is decolorization of the blood. 

Belt*® has listed criteria for distinguishing pulmonary 
emboli and thrombi. An embolus tends to be coiled, twisted, 
impacted, or riding a bifurcation; its shape may not con- 
form to that of the vessel in which it lies; it may have 
freshly broken ends; it is usually a red clot composed 
chiefly of fibrin and red cells since it arises in a slow- 
moving venous stream. A thrombus is usually white or 
light pink, being composed chiefly of platelets and leuco- 
cytes, since it is laid down in a faster moving stream ; it m 
usually attached to the vessel wall, has a sessile base, and is 
molded to the shape of the vessel. 

Blast Injury 

Pulmonary hemorrhage associated with thoracic trauma 
or asph3^a is common in both peace and war injuries. In 
war experience, blast injury^’ or pulmonary concussion 
due to a nearby bomb or other high explosive, may produce 
fatal pulmonary hemorrhage without external evidence of 
trauma.** The lungs show bilateral and roughly symmetrical 
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hemorrhagic consolidation deep in their substance. There is 
an associated general pulmonary congestion, and the hemor- 
rhage may be progressive. IVIicroscopically, the appearance 
is similar to that of a recent infarct, but some areas may 
show fibrin and monocytes as well as red cells in alveolar 
spaces, and so sdmulate in appearance the red hepatization 
stage of pneumonia.*® Ross*® has pointed out that in com- 
pression asphyxia the lesion differs in that the hemorrhages 
are mainly subpleural and in the lines of the ribs, with 
emphysema outlining rib markings. In pulmonary hemor- 
rhage due to traumatic impact of a solid, the hemorrhage 
may be unilateral, related to site of the blow, and around 
this point the lung is tom or contused. 

Arteriosclerosis 

Pulmonary arteriosclerosis of mild degree is common but 
rarely of clinical importance. In larger arteries it is evi- 
dent grossly as intimal atherosclerosis. H 3 T)ertension and 
congestion in the pulmonary circulation (e.g., in mitral 
stenosis) lead to vascular changes. 

There is also a rare condition of primary sclerosis of pul- 
monary arteries, associated with hypertrophy of the right 
side of the heart, and usually resulting in death from heart 
failure.*^ Some of these eases, particularly when associated 
with marked cyanosis, are designated Ayerza’s disease. 
However, the concept of Ayerza’s disease has been variable, 
and in many cases it has been considered of syphilitic origin. 

ATELECTASIS 

Atelectasis is an incomplete dilatation or a collapse of 
lung tissue. The three main causes are (1) failure of ex- 
pansion in the newborn (congenital), (2) compression of 
lung tissue, and (3) bronchial obstruction. Atelectasis does 
not interfere with respiratory function unless areas of con- 
siderable size are involved. 

In many stiUbom children the lungs are completely atelec- 
tatic and airless. Infants who live for a few days have 
lungs with patchy areas of atelectasis or incomplete ex- 
pansion. Compression atelectasis results from pressure 
against lung tissue, as by air, transudate, or exudate in 
pleural cavity, or by tumors. Bronchial obstruction results 
in atelectasis due to absorption from the nonaerated portion 
of lung. 

Atelectatic lung tissue is dark red or blue in color due 
to congestion, firm, noncrepitant, and depressed below sur- 
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rounding surfaces. Microscopically, the alveolar walls are 
pressed together forming more or less parallel bands sepa- 
rated by narrow elongated alveolar spaces. If atelectasis 
is present for a considerable period, fibrosis may occur and 
re-expansion become impossible. 

Acute massive collapse refers to the rapid atelectasis of 
the whole or a large part of a lung. The mediastinum is 
displaced toward the affected side, and there is evidence 
of respiratory difficulty. It is an occasional complication 
of abdominal operations, peritonitis, diaphragmatic pleurisy, 
and paralyses of diphtheria* Bronchial obstruction and 
interference with the cough reflex are believed to be the 
important factors in causation.'*^ 

PULMONARY EMPHYSEMA 

Emphysema is the condition of abnormal increase of air 
content of tissues. In the emphysematous lung there is 
distention of alveoli, with loss of elasticity, and thinning 
or rupture of alveolar walls. Acute pulmonary emphysema 
may be observed in death from asphyxia, anaphylactic 
shock, and certain poisonous gases. Chronic emphysema 
occurs in a large lung (hypertrophic or obstructive) type 
and a small lung (senile) type.*® 

In obstructive emphysema the lungs are voluminous, pale, 
dry, and of peculiar piUow-Uke consistency due to loss of 
normal elasticity. The lungs fail to collapse when the chest 
is opened. Large blebs or bullae often occur at the apices 
and along the margins. Microscopically, the alveolar spaces 
are enlarged, the walls appearing stretched, thin, bloodless, 
and often ruptured. The constriction of vessels in the 
alveolar wall causes the pallor and dryness of the lung 
tissue. 

Emphysema is associated with an increase in the residual 
air content of the lungs, and a proportionate decrease in 
vital capacity. The chest tends to be barrel-shaped, with a 
wide costal angle, and a low position of the diaphragm. 
The decreased pulmonary mobility and elasticity, md 
obliteration of alveolar capillaries, tend to cause stagnation 
in the pulmonary circulation and throw more work on the 
right heart- There follows an hypertrophy of the right 
heart (cor pulmonale), and eventually there may he failure 
and passive congestion. The etiology of this tjrpe of emphy- 
sema is often obscure, but partial bronchial obstruction ap- 
pears to be the most important factor. 
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Senile emphysema, also associated with a barrel-shaped 
chest and hyperresonant lungs, is usually seen during or 
after middle age. The primary change appears to be a 
stiffening and straightening of the thoracic spine, which is 
associated with degenerative changes in intervertebral discs. 
The lungs follow the change in shape of the chest but are 
not actually enlarged. They collapse on opening the chest, 
since their elasticity is not greatly impaired. Respiratory 
function is but little impaired except in those cases in whid^ 
the Imig has been overstretched. 


r 



Kg. 169. — Emphysematous areas in lung. (Courtesy Dr. H. C. 

■ Schmeisser.) 

« 

Pulmonary ULterstitial emphysema is a condition in which 
air is present in interstitial tissues of the lung rather in 
^veolar spaces. Air escapes through raptured alveolar bases 
into ^eaths of pulmonary vessels, precipitated by a pressure 
gradient of air in alveoli to perivasciSar sheaths in cases 



THE LUNGS 


369 


where alveoli are overexpanded or blood vessels are not filled 
to the normal extent. Predisposing conditions are (1) gen- 
eral overinflation of lung tissue, (2) atelectasis of an area of 
lung with overioflation of adjacent areas, and (3) decreased 
blood supply to pulmonary vessels with h 3 ’perinflation or 
increased intra-alveolar pressure. The air may travel along 
vascular sheaths to the mediastinum (pneumomediastinum), 
work upward to the neck, face, and axillae (subcutaneous 
emphysema) and downward along the aorta and esophagus 
into^ tile retroperitoneum. Cyanosis may result from venous 
stasis due to collapse of pulmonary vessels and dj’spnea from 
interference with respiratory movement. Cardiac disturbance 
may_ result from pressure of the distended lungs or pneumo- 
mediastinum, or from lack of blood due to the venous con- 
gestion. Continued accumulation of air in the mediastinum, 
unless withdrawn, may be fatal from interference with res- 
piration and circulation.*®' 

PNEUMOCONIOSES 

Pneumoconiosis refers to the pulmonary changes due to 
the inhalation of dust. These changes depend on the type 
and amount of dust inhaled, length of time of exposure, and 
the presence of associated infection, particularly tubercu- 
losis. There are four important types.*®* *® (1) Anthracosis, 
due to inhalation of carbon pigment, is almost universal m 
occurrence but is not associated with functional changes 
and hence is unimportant dinieally. (2) Silicosis, due to 
inhalation of free silica, is an important occupational dis- 
ease among miners and others working in rock. .Because 
of its specific chemical nature it produces a reaction in the 
lung characterized by the development of nodular areas of 
hyaline fibrosis. It is often associated with tuberculosis 
and accelerates this infection. The pulmonary fibrosis pre- 
disposes to right heart failure. (3) Asbestosis, due to in- 
halation of asbestos fibers, is relatively uncormion. It pro- 
duces a diffuse fibrosis of the limg. Characteristic ‘ ‘ asbestos 
bodies,” which are elongated, club-shaped fibers coated 
with iron pigment, are found in the lung tissue and may 
appear in the sputum. It causes no particidar predisposition 
to tuberculosis. Bight heart failure may result from the 
pulmonary fibrosis. (4) Silico-siderosis oecxms among hem- 
atite miners and is characterized by lungs of a bright brick- 
red color. 

Anthracosis . — A deposit of inhaled carbon pigment is 
found in some degree in all adult urban dwellers. ^WTxile the 
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normal color of the lung, as seen in an infant, is grayish 
pink, the adult lung is flecked by focal and linear deposits 
of black pigment, evident on both the pleural and cut sur- 
faces. Through function of alveolar phagocytes and lym- 
phatics the pigment becomes concentrated in the lymphoid 
tissue of the lungs, peribronchial nodes and mediastinum. 
The pigment tends to accumulate particularly in areas 
where inflammation or fibrosis has blocked lymphatics. The 
pigment itself does not stimulate fibrosis. Air spaces are 
visible in the pigmented areas, and respiratory function 
is undisturbed. 

Silicosis. — Silicosis is the most important of the pneu- 
moconioses because of its frequency as an occupational dis- 
ease, the severity of the fibrosis, and its promotion of serious 
tuberculous infection. Inhaled particles of silica become 
concentrated in the pulmonary lymphatic system, and here 
they stimulate connective tissue proliferation. Nodules of 
hyalinized, collagenous, concentric laminae are formed. 
Carbon pigment is usually trapped in the same area, so 
that some black pigment is evident in the nodule. The 
particles of silica may be identified by a polarizing micro- 
scope. 

In early stages the silicotic nodules are too small to be 
identified grossly, but ultimately they develop into nodules, 
3 or more millimeters in diameter, and with sharply defined 
borders. Islets of this collagenous tissue are scattered 
through the lung, under the pleural surfaces, and in tracheo- 
bronchial lymph nodes. Eventually, massive conglomerate 
areas of fibrosis may result. Most of the fatal cases ter- 
minate with tuberculous infection. Other complications 
which may develop are cardiac hypertrophy and dilatation, 
particularly of the right side of the heart, emphysema, and 
carcinoma of the lung. The degree of importance of silicosis 
in the etiology of pulmonary carcinoma is still undeter- 
mined.®* 

Asbestosis. — Asbestos is a mineral fibrous structure, com- 
posed essentially of magnesium silicate. Inhalation of the 
fibers occurs mainly in the factories during the carding 
process in which the fiber is separated from the crushed 
mineral. Inhalation over a period of seven or more years 
is usually required to produce the disease. The fibers are 
deposited in the bronchioles and stimulate fibrosis me- 
chanically rather than by specific chemical action. The 
lower lobes particularly are affected, and the result is a 
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diffuse rather than nodular type of interstitial fibrosis. 
Emphysema, bronchiectasis, and interference with respira- 
tory function may result. Termination is usually by in- 
fection or cardiac failure. Tuberculosis occasionally super- 
venes, but asbestosis does not particularly predispose to 
tuberculosis. 

Grossly, the involved lung shows irregular patches and 
strands of grayish dense irregular sear tissue. Dilated 
emphysematous air spaces are evident in the involved tissue. 


/ 




Fig. 170, — Asbestosis of Icmg. Note the bulbous ends and the haus- 
tration of the asbsitos bodies, and the giant ceUs. 


The characteristic asbestos bodies occur singly or in 
clumps as elongated fibers, of variable size and form (up 
to 140 microns in length). One or both extremities of the 
fiber are bulbous; the body is slender and haustrated or 
segmented. The color is yellowish, greenish yellow or 
brown, due to iron pigment deposited on the surface, and 
they stain well with the Prussian blue method for iron.®® 

Silico-Siderosis. — Silico-siderosis is due to inhalation of 
iron-containing hematite by hematite miners. The lungs 
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have a striking brick-red color. Some silica is usually in- 
haled as well A diffuse or nodular pulmonary fibrosis may 
be produced. 

Siderosis of Welders. — ^Electric are welders inhaling con- 
centrated fumes in unventilated spaces may develop a sidero- 
sis which results in nodular shadows on a chest roentgeno- 
gram. The iron pigment is held in perivascular lymphatic 
tissue, and is distinguishable from the similar-appearing 
anthraeotie pigment by the Prussian blue reaction. No 
fibrosis develops to cause functional impairment of the lungs, 
and there is no predisposition to tuberculosis or other lung 
infections.*’ 

PLEUSA 

Diseases of the pleura are mainly effusions, inflammations, 
and tumors. With effusions into the pleural cavity, cor- 
responding collapse of lung tissue occurs. The collapse may 
be limited to one side by immobility of the mediastinum, or 
locally limited by adhesions. 

Hydrothorax — Hydrothorax is the accumulation of edema 
fluid or transudate in the pleural cavity. It occurs in con- 
ditions of generalized edema, as in ren^ or cardiac disease, 
or rarely may be caused by local conditions such as tumor 
or aneurysm. The fluid is clear, light yellow, of low specific 
gravity (below 1.015), and it has a low protein content. In 
some cases the fluid is milky due to fat content (chylous 
hydrothorax). 

Hemothorax — ^Blood in the pleural cavity may occur in 
cases of thoracic trauma, or from rapture of an aneurysm. 
A bloodstained pleural fluid is more common than true 
hemothorax. Its occurrence is usually associated with 
tuberculosis, or malignant tumor of the limg or pleura. 

Pneumothorax. — ^.^r in the pleural cavity may be intro- 
duced from without by wounds or therapeutic procedures, 
or result from a rupture of lung into pleural cavity. The 
commonest causes of the latter are tuberculosis and rap- 
ture of an emphysematous bleb. In many cases air in 
pleural cavity is associated with a serous or inflammatory 
exudate. 

Pleurisy. — Inflammation of the pleura is usually a spread 
from the lung. Less commonly it is due to spread from ab- 
domen or mediastinum, or is blood-borne and appears to be 
primary iu the pleura. Most cases are due to izffection with 
tubercle bacilli, pneumococci, or streptococci The ap- 
parently primary forms usually are due to tuberculosis or 
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rheumatic fever. Pleurisy is classified according to the type 
of exudate as fibrinous (dry pleurisy), serofibrinous (pleu- 
risy with effusion), and purulent (empyema). The fluid in 
pleurisy is cloudy or contains flakes of fibrin, has a rela- 
tively high specific gravity and high protein content. The . 
exudate containing fibrin and inflammatory cells is evident 
in sections through the inflamed pleura. Pleurisy may re- 
solve and leave little trace, but often organization results 
in a thickened scarred area of pleura or fibrous adhesions 
between visceral and parietal layers. 

Empyema most commonly is the result of pneumococcic 
or streptococcic infection of the lung. Organization and 
formation of adhesions tend to localize the pus in various 
parts of the pleural cavity. A thick organizing wall of ex- 
udate may line the cavity, covering both visceral and 
parietal surfaces. 

Pleural Tumors. — ^Most tumors involving pleura are ex- 
tensions from malignant tumors in the lung, but rare pri- 
mary pleural tumors occur. The primary benign tumors 
arise from subpleural tissues and include fibromas, lipomas, 
chondromas, and angiomas. 

Mesothelioma is a rare primary malignant tumor arising 
from pleural lining cells. It may form flattened nodular 
tumor masses on both visceral and parietal layers, or spread 
diffusely over pleura forming a thick layer of tumor tissue. 
Microscopic characteristics of both epithelial and connective 
tissue tumors may be present, with a sarcomatous appear- 
ance in some areas, but also tending to form gland-like 
spaces or channels. ^ Spread may be by invasion of lym- 
phatics and metastasis to mediastinal lymph nodes. Abun- 
dant hemorrhagic pleural fluid is a usual accompaniment. 
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CHAPTER XV 

LIVER, GALL BLADDER, AND PANCREAS 

THE UVEB 

Structure aud Function 

The liver has a double blood supply, portal and hepatic, 
but the eircidation to the right and left sides of the liver 
is fairly distinct. This circulate]^ division of the liver does 
not correspond with the anatomic lobes, but the right and 
left halves are divided by a line passing through the middle 
of the gall bladder fossa to the junction of the hepatic 
veins with the inferior vena cava. The portal stream from 
the spleen and stomach goes mainly to the left side of the 
liver, and from intestines mainly to the right side. 

Microscopically, the liver appears divided into lobules, at 
the center of each being a central (efferent) vein, and ar- 
ranged around the periphery are portal areas, each con- 
taining a bile duct, hepatic artery, and portal vein. The 
cords of liver cells enclose bile canaliculi and blood si- 
nusoids. In the wall of the latter are Kupffer cells, which 
are highly phagocytic and form a part of the reticulo- 
endothelial system. 

The liver is the largest organ in the body and its func- 
tions are many and varied. It is concerned with the ex- 
cretion of bile, but bile pigment is formed only partly in 
the Uver, other components of the reticulo-endothelial sys- 
tem (spleen, bone marrow) playing a major role. The liver 
forms bile salts and is important in various other biochem- 
ical processes, such as formation of plasma proteins, heparin, 
prothrombin and fibrinogen, fat metabolism and storage, 
urea and amino-acid formation, glycogen storage, etc. In 
the fetus the liver is a blood-forming organ.^* ® 

An important feature of the liver is a marked capacity 
for regeneration following injury or destruction of its cells, 
a feature which is important in compensation for effects of 
injury to liver cells. There is nodular overgrowth of lo- 
calized regenerating areas (multiple nodtilar hyperplada) 
in which mitoses often can be found, and new bile duct 
formation is prominent. The compensatory hyperplasia is 
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prevented bj deficiency or obstruction in the portal circula- 
tion (e.g., in portal cirrhosis) and by confinement and com- 
pression due to fibrosis. 

Congenital abnormalities are not common or important in 
the liver. Riedel’s lobe is a downward projection of the 
right lobe. Acquired changes in form include transverse 
grooves due to tight clothing. Anteroposterior depressions 
on the upper surface of the liver are due to pressure of 
muscle bundles of the diaphragm. 

Autolysis 

Postmortem autolytic changes develop quite rapidly in liver 
tissue. Bluish-black discoloration may occur in the portion 
of liver adjacent to the transverse colon. Foamy liver results 
from post-mortem infection of the liver by gas-forming organ- 
isms (e.g., G. welcMi) from the intestinal tract, the bubbles 
of gas so produced honeycombing the liver tissue. 

Degenerations 

Cloudy swelling is common in the liver as a result of acute 
infections. The liver is enlarged, has a tense capsule, softer 
consistency, and a paler, more opaque appearance than 
normal. Microscopically the liver cells are swollen, have 
distinct margins and pale granular cytoplasm. 

Amyloid infiltration is common in the liver as well as in 
the spleen and kidney in cases of tuberculosis and chronic 
suppuration. The amyloid appears as a hyaline material be- 
tween the lining cells of the sinusoids and the liver cells. Its 
continued accumulation causes compression, atrophy, and dis- 
appearance of the liver cords. 

Hyaline masses may be found in the cytoplasm of liver 
cells in portal cirrhosis, apparently representing an early 
and specific type of degenerative change in the liver cells. 

Glycogen is normally abundantly present in the cytoplasm 
of liver cells but is much depleted by the wasting which 
precedes death from many diseases. Cytoplasmic glycogen 
is also reduced in diabetes mellitus, although the amount in 
the liver cell nuclei may be increased and give the nuclei a 
clear, glas^ appearance. Cytoplasmic glycogen is abnormally 
increased in von Gierke’s glycogen storage disease. This is 
a congenital defect of glycogen mobilization, seen as a rare 
condition in infants and children. Enlargement due to the 
accumulation of glycogen may involve the heart or spleen as 
well as the liver. 
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Patty change m the liver is a common event and may be 
of very severe degree. Fatty degeneration occurs with a 
variety of infections and intoxications. Prolonged passive 
congestion tends to cause fatty degeneration in central parts 
of the lobules. Distinctions behveen fatty degeneration and 



Fig. 172. — L’xtreme fatty change of liver. 


fatty infiltration are unreliable, and in most cases the infiltra- 
tion of fat into the liver is a pathologic process. Fatty livers 
are found in association with obesity, chronic alcoholism, mal- 
nutrition and wasting diseases (e.g., tuberculosis and malig- 
nant tumors), some cases of diabetes mellitus, and as a result 
of certain poisons such as phloridzin, carbon tetrachloride. 
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chloroform, and ether.^ In some eases of sudden death in 
young adults, marked fatty change in the liver has been 
the only finding.® The increase is in neutral fat, the 
mechanism apparently being some interference with normal 





Pig. 173. — Chronic passive congestion of liver. Patty degeneration 
and atrophy around the central vein area in the upper half of the 
figure, 

carbohydrate-fat catabolism, often by interference with the 
proper oxidation of fat. Alcohol appears to produce its efEect 
by interference with tissue oxidation. In experimental 
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animals, deficiency of choline (dietary) or of lipocaic (de- 
pancreatized dogs) produces marked fatty changes in the 
liver. The role of such deficiencies in human pathology is not 
yet established. 

The fatty liver, such as seen in chronic alcoholism, is en- 
larged, has rounded borders, a tense capsule, a yellow or a 
yellowish-red color, fairly firm consistency, and some 
greasiness of the cut surface, llieroscopieally the fat is most 
prominent around the central part of the lobules, but when 
the fatty change is marked, the distribution is diffuse and the 
fat is in the form of large globules. 

Circulatory Disturbances 

.Chronic passive con^festion is a common and prominent 
finding in the liver, an organ highly susceptible to circula- 
tory deficiency. Cardiac insufficiency, e.g,, due to rheumatic 
endocarditis, leaves its mark on the liver early and prom- 
inently. The effect is particularly in the central parts of 
the lobules, where stagnation and accumulation of blood 
dilate the central vein and adjacent portions of the sinusoids. 
The liver cells, first aroxmd the central veins, but gradually 
extending out to the periphery, undergo atrophy due to 
anoxemia and compression. Degenerative changes, par- 
ticularly of a fatty type, tend to occur. In some severe cases 
there may be actual necrosis. Grossly, the contrasted pattern 
of red areas (due to blood-stuffed vessels) and yeUowish- 
brown areas (liver cells with fatty degeneration) produces 
a characteristic “nutmeg” appearance. Long-stantoig con- 
gestion results in the so-called “cardiac cirrhosis” (see p. 
390 ). 

Hemorrhage in the liver, which occurs in eclampsia and 
other conditions, is distinguished from congestion by finding 
red cells outside the sinuses, e.g., between the sinusoidal 
endothelium and the liver cells. Edema in the liver is dis- 
tinguishable by the presence of a fine web of granular pre- 
cipitated protein material between the sinus endothelial lining 
and the liver cell cords. 

Infarction is rare in the liver, presumably because of the 
abundant and double blood supply. "When it occurs, it is 
most often due to blockage of intrahepatic branches of the 
portal vein, although some infarcts have devdoped after 
ligation of the hepatic artery. 
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Necrosis 

Liver cells undergo necrosis as a result of a variety of 
poisons of chemical, infectious, and metaholie origin. Ade- 
quates stores of glycogen in the liver cells appear to give some 
protection. The lesions may be classified roughly according to 
their distribution into the following types : (1) diffuse necro- 
sis, e.g., acute yellow atrophy; (2) focal necrosis, i.e., small 
necrotic foci distributed without any constant relationship to 
particular areas of the liver lobules ; and (3) zonal necrosis, in 
which the areas of necrosis are in fairly constant relationship 
to a particular part of the liver lobules. The zonal necroses 
may be: (a) central, i.e., m the central vein region; (b) mid- 
zonal, and (c) peripheral, or in portal areas. 

Acute Yellow Atrophy. — ^Aeute yellow atrophy is an un- 
common condition in which there is diffuse necrosis, with 16ss 
of liver cells, so that the liver is small (atrophic), soft, 
wrinkled, and mottled with yellow and red areas. It occurs in 
yoimg adults, occasionally in children, and in some instances 
in pregnancy either with or without associated eclampsia. The 
classical eases are of unknown etiology, but in some instances 
diffuse hepatic necrosis is associated with chemical poisoning. 
e.g., by arsenicals or chloroform. The acute form is fatal 
after a short duration with fever, gastrointestinal upset, dis- 
turbances of hepatic and renal functions, jaundice, crystals 
of leucine and tyrosine in the urine, and coma. 

Except in the most acute cases the liver is shrunken, often 
to half its normal size. The capsule is wrinkled, soft, opaque 
and of mottled, patchy yellowish and red color. In early 
stages the yellowish color predominates, but later, when the 
liver cells have extensively disintegrated, a red color is 
prominent. Microscopically one sees loss of nuclei, granular 
and fatty degeneration of cytoplasm, and breaking up, dis- 
organization, or complete disappearance of many cells. 

Subacute Yellow Atrophy. — Subacute yellow atrophy 
refers to those milder eases in which there is recovery, or in 
which progress of the disease is slower, so that death occurs 
at a later stage or only after repeated attacks. Here there is 
opportunity for removal of the necrotic cells, regenerative 
hyperplasia from remaining liver tissue, and development of 
fibrous tissue. Nodules of hyperplastic liver cells are sepa- 
rated by connective tissue, and bile duct proliferation is in 
evidence. Complete healing may be achieved, but in some 
cases the changes are progressive and end in hepatic insuf- 
ficiency, or liver cell carcinoma may develop in the hyper- 






f. 

Pla-TB IX. — Liver in eclamptic toxemia of pregnancy. 1 , Posterior 
surface, and £, cut surface, showing irregular areas of hemorrhage. 
(Prom Dieckmann, W. J.: The Toxemias of Pregnancy, St Louis, The 
C. V. Mosby Company, 1941.) 
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plastic nodules. The healing or healed stage is often referred 
to as multiple nodular hyperplasia or toxic cirrhosis. 

Focal and Zonal Necroses. — ^Focal necroses, which have no 
special or constant site in the liver lobules, occur in a variety 
of severe infections, such as typhoid fever, pneumonia, diph- 
theria, tularemia (Fig. 174 J, etc. 

Central necrosis is the commonest type of zonal necrosis. 
It occurs with severe chronic passive congestion, particularly 
if there is added infection with streptococci. A variety of 
poisons, some of industrial importance, such as trinitrotoluene, 
carbon tetrachloride, and chloroform, produce central necrosis. 



Fig. 174. — ^Liver, focal necrosis in tularemia. 

Mid-zonal necrosis occurs in certain infective conditions 
and is particularly a characteristic of yeUow fever. In this 
latter condition there are rounded hyaline cytoplasmic masses 
(Councilmaa bodies) in cells of the mid-zond region, and also 
nuclear inclusion bodies. Belt* has pointed out that similar 
hepatic lesions may be found in cases of fatal bums. 

Peripheral necrosis is often seen in phosphorus poisoning 
and in eclampsia, though in the latter condition the necroses 
are by no means constant in their position but are often 
focal in distribution and hemorrhagic in character. 
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Eclampsia. — ^Eclampsia is a tozic complication of the later 
months of pregnancy (see pp. 312 and 604), in "which hyper- 
tension, albuminuria, edema, and con"TOlsions are promi- 
nent featxires. The lesions in the liver are the most striking, 
but they cannot be correlated "with the severity of the dis- 
ease and are probably of less importance than the renal 
changes. Areas of confluent necrosis and associated hemor- 
rhage may be patchily scattered through the liver substance, 
and irregular areas of hemorrhage beneath the capsule give 
the liver a grossly mottled appearance. 

Hepatorenal Syndrome 

Benal changes resulting from hepatic damage are a com- 
mon observation, the association being loosely referred to as 
the “hepatorenal syndrome.” The mechanisms of this asso- 
ciation are but poorly understood, and several unrelated 
conditions probably are lumped together under this terminol- 
ogy. Excess of bile pigment (jaundice) is known to be 
damaging to renal tubular epithelium. It produces mild de- 
generative changes (cholemie nephrosis — see p. 301), 

Epidemic Hepatitis 

Epidemic hepatitis is a transient, and usually mild, icteric 
condition "which occurs in epidemic form, and also sporad- 
ically. The mortality is usually less than 0.4 per cent. The 
sporadic cases often have been referred to as catarrhal jaun- 
dice, with the supposition that an inflammatory swelling of 
the common bile duct caused obstruction. However, there is 
an actual hepatitis and hepatic necrosis, and in fatal cases the 
liver lesions are those of acute yellow atrophy. The jaundice 
appears to be due to obstruction of the intralobular bile 
canaliculi. Associated lesions in fatal cases include cholemie 
nephrosis, regional lymph node and splenic enlargement due 
to cellular proliferation and congestion, and hemorrhagic 
phenomena in various tissues due to dmturbances of pro- 
thrombin and vitamin K as a result of destruction of Ever. 
In some cases asci"tes, phlegmonous inflammation of the in- 
testinal tract, and degenerative cerebral lesions may be found. 
In nonfatal cases there is usually complete restoration of the 
hepatic tissue "without significant scarring. This is due to 
the marked regenerative ability of the hepatic cells when the 
injury is not continued and the hepatic framework and ves- 
seki are not destroyed.’^ 
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Fig. 175. — ^Epidemic hepatitis, nineteenth day. Begenerating tissue 
is evident on the right. (From Lnck6, Baldtdn. Am. J. Path. 20: 
1944.) 



Fig, 376. — Epidemic hepatitis. Microscopic appearance of liver, shown 
in Fig. 175. (Courtesy Et Col. BAlduin LnckA) 
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Pig. 177. — ^Epidemic hepatitis ninety-third day, showing regenerating 
nodide of liver parenchvma. (Prom Lack£, B^duin: Am. J. Path. 
20: 595, 1944.) 


Girrhosis of the Idver 

Cirrhosis refers to a fibrosis or scarring of the liver, which 
is progressive and not simply the stationary healed end stage 
of an injary. There are several varieties which differ in 
etiology, nature, form, and effects: (1) Portal cirrhosis; (2) 
biliary cirrhosis, in which bile duet obstruction is the im- 
portant factor; (3) pigment cirrhosis, the liver change in 
hemochromatosis; (4) syphilitic cirrhosis; (5) cardiac or 
central cirrhosis, the result of a passive congestion of long 
standing; and (6) parasitic cirrhosis, due to schistosomiasis 
or cHonorchiasis. 

Port^ Cirrhosis. — ^Portal cirrhosis (Laennec’s cirrhosis, 
alcoholic cirrhosis; hobnail liver) occurs at any age but most 
commonly in middle life, and it is more frequent in males. 
A history of chronic alcoholism is present in 50 per cent or 
more of eases,® bub it also develops in total abstainers. Bouts 
of jaundice or other evidences of hepatitis occur in some cases, 
but functional liver failure is usually not a prominent feature. 
Ascites is the most constant and striking result. There is 
obstruction of the portal circulation and collateral channels 
of venous return develop. Deali may be sudden from the 
rupture of varices of the esophagus. 
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Gross Appearance. — The liver tends to be enlarged in 
early stages, but when seen is usually atrophic and smaller 
than normal. The general shape is normal, and the color 
reddish brovm, or j-eUowish if there is associated fatty change. 
The whole outer surface is nodular, due to rounded projecting 
masses of liver cells, 2 to 5 mm. in diameter, separated by 
retracted gra3nsh connective tissue. Consistency of the tissue 
is much increased. On the cut surface, an interlacmg network 
of gray translucent connective tissue separates prominent re- 
maining lobules of liver cells. 



Kg, 178. — Portal cirrhosis of liver. (Courtesy Dr. H. 0. Sehiueisser.) 

Microscopic Appearance. — Microscopically, the normal 
architecture of the liver is completely upset by bands of con- 
nective tissue, which redivide the liver into irre^lar nodules 
having no constant relationship to central veins or portal 
regions. Most of the connective tissue is fairly young, only 
slightly hyalinised, and infiltrated by mononuclear chronic 
inflammatory cells, mainly lymphocytes and plasma cells. 
Small bile ducts are numerous and prominent in the connec- 
tive tissue areas. In early stages of the process degenerative 
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changes are evident in the liver cehs and, most characteris- 
tically, there is a hyaline accumulation in their cytoplasm, as 
described by Mallory. In some cases fatty change is a promi- 
nent feature associated with the cirrhosis. 

Etiology. — The etiology is still unsettled and much de- 
bated. Cirrhosis has been produced experimentally in animals 
by repeated doses of certain poisons, such as carbon tetra- 
chloride, tars, and combinations of phosphorus and alcohol, 
manganese chloride and phenylhydrazine, and chloroform 
with infection. Mallorj" also found that lead would induce 
cirrhosis. Alcohol alone has quite regularly failed to produce 
cirrhosis in experimental animals, though when combined with 
a high fat diet in a prolonged experiment, it has done so."^^ 
Dietary deficiency also has resulted in cirrhosis.^®* Nutri- 
tional cirrhosis in experimental animals has been produced in 
rats by a diet low in casein, but preventable when methionine, 
or cystine plus choline is added to the diet. The cirrhosis is 
similar to portal cirrhosis of man except for the presence of 
a golden-brown fluorescent pigment, ceroid. Ceroid is be- 
lieved to be of lipoidal nature, and developed from liver cells 
containing fat during the development of cirrhosis.^* 

Clinical experience indicates that alcoholism is a factor in 
many cases of cirrhosis, although the relationship is not neces- 
sarily a direct one.^^ Contaminants of alcoholic beverages, 
such as minute amounts of lead or copper, were suggested by 
Mallory to be the additional necessary factor. Connor^® has 
indicated that it is dietary insufficiency in combination with 
alcoholism that results in the liver damage and has argued 
for a direct metabolic effect of alcohol, suggesting that it 
interferes with tissue oxidation mechanisms. According to his 
findings, the fatty liver so characteristic of chronic alcoholism 
process gradually, if the individual survives and the insults 
to the liver continue, to the development of portal cirrhosis. 

No doubt other types of recurrent or continuing hepatic in- 
jury can proceed to cirrhosis as the terminal stage. In some 
cases the acute exacerbations of hepatitis are clinically evi- 
dent. The possible role of methionine or cystine and choline 
deficiency in the production of cirrhosis in inan has not yet 
been made clear by sufficient investigation.^’ 

Effects. — The effects of portal cirrhosis in disturbing the 
portal circulation are usually more prominent than failure 
of liver function. Ascites is the outstanding feature and 
mainly is the result of congestion and increased pressure in 
the portal veins, but reduction of plasma proteins is an im- 
portant factor contributing to the accumulation of fluid. 
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Perfusion experiments have indicated that in some cases 
portal hypertension may be contributed to by an increased 
hepatic arterial inflow transmitted to the portal side by ab- 
normal arterioportal anastomoses*"^ 

The gradually developing obstruction in the portal circula- 
tion permits the development of a collateral venous circula- 
tion. The cutaneous vessels over the abdomen and back be- 
come distended and prominent. Varices of esophageal veins 
commonly develop, the anastomoses with these from the portal 



Fig. 179. — ^Varicobe veins at lower end of esophagus. From a case of 
portal cirrhosis of the liver. (Courtes}’ Dr. H. C. Schmeisser.) 

circulation being composed of vessels from the coronary veins 
and from the left gastroepiploic veins and vasa brevia. In the 
lower third of the esophagus the rich anastomoses of sub- 
mucosal veins are poorly supported by connective tissue. 
Hence this is a frequent site for varices and venous rupture. 
Varices of hemorrhoidal veins are much less common in asso- 
ciation with cirrhosis. 

Testicular atrophy is a common accompaniment of cir- 
rhosis, particularly in patients under 50 years of age. The 
extensively damaged liver apparently fails to inactivate 
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estrogens, to excess of which the testis is susceptible.^® A 
similar explanation is possible for the occasional occurrence 
of gj-necomastia and arterial spider nevi of the skin. 

The spleen is enlarged and congested in cases of portal 
cirrhosis as a result of the obstruction to the portal circula- 
tion. Banti’s syndrome (see p. 416) frequently includes 
portal cirrhosis. In Wilson’s disease (hepatolenticular de- 
generation) cirrhosis is associated with degenerative changes 
in basal ganglia of the brain. 

Bilia^ C^hosis. — ^Much less common than the portal 
type, biliary cirrhosis is due to obstruction in some part of 
the bile duct system. There may or may not be an asso- 
ciated infection (cholangitis). The obstruction may be a 
stricture, gallstone, or pancreatic carcinoma interfering 
with the common bile duct. The liver is a deep green color 
and of normal size or slightly enlarged. Its surface is smooth 
or only finely granular. Intrahepatic bile ducts are dilated 
and often contain neutrophilic leucocytes. Microscopically, 
inspissated masses of bile distend the bile eanaHeuli, and there 
is increased connective tissue in portal areas and around the 
periphery of the lobules. Chronic inflammatory cells, mainly 
Ijinphoeytes and plasma cells, infiltrate this fibrous tissue. 

Pigment Cirrhosis. — ^The liver changes in hemochromatosis 
may be referred to as pigment cirrhosis. The gross and 
miei-oseopic features of the liver are those of a mild portal 
cirrhosis with the addition of large amoimts of hemosiderin 
pigment (see p. 49). 

Syphilitic Cirrhosis. — The liver is commonly involved in 
congenital syphilis, and many spirochetes may be demon- 
strable in that organ. In some cases there is a diffuse 
fibrosis within the lobules (see Fig. 43). In acquired syph- 
ilis the liver is not so regularly affected, but gummas may 
occur, which heal by fibrous sears and leave a marked dis- 
tortion of the organ (hepar lobatum) . 

Cardiac or Conge^ve Cirrhosis. — ^Long-continued chronic 
passive congestion of the liver leads to atrophy of liver cells 
around the central vein areas, with a relative increase in the 
connective tissue. There may be also a diffuse fibrosis and 
alteration of archite<rture. It is most commonly associated 
with coMtrietive pericarditis and rheumatic heart disease.^ 

Parasitic Cirrhosis. — ^Due to the lodgment of ova in the 
liver, cirrhosis may be produced by infection with Schisto- 
soma mansoni, and less frequently with 8. japonicum and 
S, haematobium. Dense whitish zones of fibrosis develop 
about intrahepatic portal branches. The external surface 
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may be nodular, and similar in gi'oss appearance to a Laen- 
nec’s cirrhosis. Small fibrous nodules, a millimeter or two in 
diameter, may be scattered through the liver, llicroseop- 
ically, the ova or remains of their shells may be found in the 
fibrous areas. Brownish pigment gi'anules are held in 
Eupffer’s cells. Splenomegaly, ascites, and esophageal var- 
ices develop in late stages^® (see page 177). 

The liver fluke, GlonorcMs sinensis, may produce a biliary 
type of cirrhosis, due to lodgment in biliary channels. There 
is fibrous thickening and dilatation of bile ducts, and fibrosis 
and cellular infiltration in the portal spaces. Flukes or their 
remnants may be found in involved areas.® 


Weil’s Disease 

Weil’s disease, or spirochetal jaundice, is due to infection 
with Leptospira icteroh&morrhagiae and affects particularly 
the kidneys, liver, capillaries, and i^eletal muscles (see p. 
147). The liver is usually enlarged and bile stained, ilicro- 
scopically one sees degeneration and inflammation of liver 
structure. Areas of necrosis may be slight and focal, or so 
extensive as to simulate acute yellow atrophy. Biliary stasis 
is evident in the central part of the lobule. There may be 
some evidence of proliferation of hepatic cells.®® 

Abscess of the Liver 

Abscesses of the liver may be (1) pyogenic, (2) amebic, 
and (3) actinomycotic. 

Pyogenic abscesses may result from : (a) spread of organ- 
isms to the liver by way of the portal vein (pylephlebitis) 
from the appendix, rectum, or other parts of the bowel; 
(b) extension of organisms to the liver by way of the bile 
ducts (cholangitis) from the gall bladder; (c) spread to the 
liver from contiguous infected tissue, e.g., a subphrenic 
abscess; (d) infection carried to the liver by hepatic arteries 
in septicemia; and (e) penetrating traumatic injuries. 
The bacteria most commonly found are B. coli, staphylococci 
and streptococci.*® 

Pylephlebitis with multiple liver abscesses most fre- 
quently is an extension from an acute suppurative ap- 
pendicitis. The abscesses are more abundant in the right 
lobe, inie areas of necrosis vary from microscopic size to 
a diameter of several centimeters and by coalescence can 
form large cavities. Necrosis, cellular disintegration, and 
leucocyte accumulation are found in the areas of abscess. 




Fig. 180, — Amebic abscess of liver. (Courtesy Dr. H. C. Sclimeisser.) 



Pig. 181.—EcIiinococcus cyst of liver. Note the convoluted mem- 
branous content. (Courtesy Dr. H. C. Schmeisser.) 
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Occasionally there is the complication of rupture or spread 
of the infection to adjacent tissues. Pyogenic hepatic 
abscesses due to spread of organisms to the liver by the 
hepatic arteries are usually but part of a general septicemia, 
and abscesses are present in other organs as well. 

Amebic abscess (tropical abscess') is due to spread of E. 
histolyiica from intestinal lesions by way of the portal vein. 
The lesion begins in the portal areas, 'with lysis of tissue and 
but little accompanying inflammatory reaction. Adjacent 
abscesses coalesce to produce lesions of considerable size. The 
larger abscesses tend to become walled off by connective 
tissue®® (see page 162). 

Actinomycotic abscesses of the liver are the result of 
spread from intestinal lesions by way of the portal blood. 
Multiple small ragged abscess cavities are produced, in 
which the actinomycotic colonies can be found (see p. 154)^ 

Cysts of the Liver 

Cysts in the liver are commonly of the following types: 
(1) hydatid (ecchinococcus) cysts; (2) cystic distention of 
ducts (hydrohepatosis) ; and (3) congenital cysts. 

Hydatid cysts are due to the lodging in the liver of the 
larval form of the dog tapeworm. Taenia echinococcus (see 
p. 180). The liver is a commonly involved organ. The cyst 
waU is composed of concentric hyaline laminae, lined by 
germinal cells from which grow “daughter” cysts. Scolices 
and hooMets of the worm may be identifled in the cyst wall 
or its contents by microscopic examination. Old cysts, in 
which the parasites are dead, contain a yellowish-gray, putty- 
like material. 

Cystic distention of bile ducts (hydrohepatosis) is the re- 
sult of obstruction to bile passages, particularly if such ob- 
struction is intermittent, incomplete, or slow in develop- 
ment. 

Congenital <^ysts are not common but sometimes are found 
associated with a congenital cystic condition of the kidneys. 
They are usually small and cause no disturbance. 

Tumors of the lAver 

Hemangioma. — The most common tumor of the liver is a 
cavernous hemangioma, similar to those occurring elsewhere. 
At autopsy, it is often encountered as an incidental finding. 
It grows very slowly or remains stationary in size. 
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Adenoma. — ^Adenoma is relatively infrequent. It is a cir- 
cumscribed mass of well-formed liver ceils which grows ex- 
pansively, compressing the surrounding liver substance. Bile 
duct adenoma also occurs, and tends to be cystic. 



Fig. 182. — Portal cirrhoais and caremoma (hepatoma) of liver. (Cour- 
tesy Dr. H. C. Schmeisser.) 



Fig. 183. — Carcinoma of liver (hepatoma) with cirrhosis. The cut 
surface of tl^ liver shows the multiple tumor masses. (Courtesv Dr. 
H. 0. Schmeisser.) ^ 
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Carcinoma. — The liver is a very common site for meta- 
static tumors, whereas prunary carcinoma is relatively un- 
common, oceuri’ing in 0.3 to 1 per cent of autopsies. In the 
Orient it is more common, particularly in South China, where 
there is a high incidence of infection with the liver fluke. 
Cancer of the liver occurs at aU ages, even in young infants, 
but the highest incidence is between fifty and sixty years. A 
considerable proportion is associated with cirrhosis. The in- 
ciclence is much higher in males than in females.-' 



Fig. 184. — Metastatic carcinoma in liver. (Primary in large intestine.) 
(Courtesy Dr. H. C. Schmeisser.) 


There are three gross forms: (1) nodular, in which various 
circumscribed tumor nodules are present throughout the liver; 
(2) massive, in which a single large tumor occupies one of the 
lobes; and (3) diffuse, in which the tumor cells are found ex- 
tensively invading every part of the liver. 

Histologically there are two types, hepatoma and eholan- 
gioma, but some highly undifferentiated tumors are difficult 
to classify. Hepatoma is more frequent and is composed of 
edls arranged in columns resembling normal liver cords. 
These cells are often hyperchromatie and multinueleated, or 
of giant size. Atypical lobules may be formed, and there is 
often some bile secretion. A delicate network of capillaries is 
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found in tlie stroma. Cholangioma is a glandular carcinoma 
arising from bile duets. The columnar or euboidal cells 
attempt to form tubules. The connective tissue stroma is 
dense and shows but few capillaries. Malignant cholangioma 
has a more rapid course than malignant hepatoma. 

Intrahepatie spread is most common, but extrahepatie 
metastases are not unusual, particularly in regional lymph 
nodes and lungs. The sjTnptoms are variable, multiple, ajid 
often appear unrelated, so that ante-mortem diagnosis is 
rarely accomplished.®”’ 

THE aALL BLADDER 

The gall bladder is a thin-walled sac, in which bile is con- 
centrated by active mucosal absorption of water. The func- 
tion of the gall bladder is as a reservoir for bile. The chief 
lesions of the gall bladder are inflammation, stone formation, 
and carcinoma. Inflammation (cholecystitis) is commonly 
due to bacterial infection, and it interferes with reabsorptive 
concentrating activity of the organ. Gallstones (chole- 
lithiasis) are due to precipitation of constituents of bile. 
They may produce obstruction in the gall bladder, cystic duct, 
or common duct. Carcinoma is the only common type of 
tumor of the gall bladder. 

Cholecystitis 

Inflammation of the gall bladder may be acute or chronic. 
Most eases of cholecystitis are associated with bacterial infec- 
tion. Chemical damage to the gall bladder wall due to the 
action of concentrated bile, promoted by obstruction of the 
cystic duct, may precede the bacterial infection.®” The 
presence of stones also may promote an inflammatory process. 
Streptococci and B. coli are the organisms infecting the gall 
bladder most frequently. Infection may reach the gall 
bladder wall from the blood stream, by direct spread from 
adjacent organs, from the liver, or from the intestine through 
lymphatics, or by ascending bile duets from duodenum. 

In acute cholecystitis the gall bladder is enlarged, gray or 
reddish in color, and has a thick edematous wall. The 
mucosa shows areas of necrosis and ulceration, and leuco- 
cytes are present in the wall. Purulent exudate may All the 
cavity (empyema of the gall bladder). Calculi are often 
associated with the inflammation and may obstruct the neck 
of the gall bladder, or they may erode through the softened 
and necrotic wall. 




Fig, 185. — Chronic cholecystitis and cholelithiasis. Note the thick- 
ness of the wall of the gall bladder. The lowest stone is cut to show 
its radiating structure. (Courtesy Dr. H. C, Schmeisser.) 



Fig. 186. — Cholesterolosis of gall bladder. Masses of lipoid are evident 
in the mucosal folds. 
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Chronic cholecystitis may be catarrhal, with merely slight 
thickening, IjTnphocytic infiltration and congestion of mucosal 
folds. In other cases, the changes are more marked, TOth 
areas of destruction of the mucosa, fibrous thickening of the 
wall, and a more diffuse infiltration of lymphocytes. Gall- 
stones or duct obstruction often complica^-c a chronic chole- 
cystitis. 

Cholesterolosis 

In cholesterolosis (strawberry gall bladder) multiple tiny, 
yellowish deposits of cholesterol are present in mucosal folds. 
These yellow areas on the reddish background of a congested 



iPig- 187. — Chronic cholecystitis and cholelithiasis. The gaU bladder 
contained more than 4,000 stones. (Courtesy Dr. H. C. Schmeisser.) 
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mucosa suggest the appearance oi a ripe stra’wberiy. There is 
usually an associated increase oi cholesterol in bile and blood. 
Cholesterolosis is often of little significance, but it may be 
associated with chronic infiammation in the gall bladder wall. 
Pedunculated mucosal folds containing cholesterol sometimes 
are pinched off and form the nuclei of stones. 

Cholelithiasis 

The several types of gall bladder calculi, which have a dis- 
tinctive etiology and appearance, are cholesterol stones, pig- 
ment stones, mixed stones, and calcium carbonate stones. The 
important factors in their formation are disturbances of 
cholesterol metabolism, infection, and stasis. 



i^g. 188 . — Cholecystitis and cholelithiasis. NTote the multiple faceted 
calculi. (Courtesy Dr. H. C. Schmeisser.) 


Types of Gaillstones, — The cholesterol stone is usually 
single. It is a laige white calculus, light in weight, soft, and 
has a radiate structure evident on its cut surface. It occurs 
in the absence of infection and is probably of metabolic 
origin. The formation of a cholesterol stone appears to be 
infiuenced by hypercholesterolemia, dietary disturbances, 
diabetes, pregnancy, etc. Low bile salt concentration in 
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gall bladder bile decreases the ability of cholesterol to re- 
main in solution, and thus favors precipitation. Inflammation 
of the gall bladder may influence this by causing abnormal 
absorption of bile salts. Disturbances in absorptive and 
secretory functions of the gall bladder promoted by neurogenic 
and hormonal factors have been thought to favor calculus 
formation.^® The solitary' large cholesterol stone may give 
rise to few or no symptoms and is usually too large to enter 
and obstruct ducts. 

Pi^ent stones, composed essentially of bilirubin, are 
multiple, small, dark brown or black, hard and brittle. 
Formed by precipitation of bile pigment in an uninfected gall 
bladder, they are associated with conditions having increased 
bilirubin concentration of the bile, such as hemolytic jaundice 
or pernicious anemia. Stasis favors their formation. 

Mixed stones, also called infective or mulberry stones, are 
hard, rough-surfaced stones composed of mixtures of bilirubin, 
cholesterol, calcium, and some organic material. They are 
usually multiple and sometimes are present in huge numbers. 
Adjacent surfaces may be faceted. They are composed of 
concentric laminae, laid down on a nucleus of organic ma- 
terial. Mixed stones are the common type of calculus asso- 
ciated with infection of the gall bladder. ‘‘Combined” stones 
also may develop, and have a nucleus of a mixed stone, and a 
shell of cholesterol or pigment.®^ 

Calduiu carbonate stones are rare, soft, white stones, 
usually formed only when there is complete obstruction of 
the cystic duct. Stasis is a factor in deposition of bile pig- 
ment and calcium. The more complete the obstruction, the 
greater the proportion of calcium, which is deposited from 
the gall bladder wall. 

Effects of Qallstones. — ^Biliary calculi may produce injury 
in three ways: (1) their presence causes continuation of a 
chronic inflammatory process; (2) the chronic irritation of 
calculi may be a factor in Ihe development of carcinoma of 
the gall bladder; (3) stones may cause obstruction at the neck 
of the gall bladder or in the bile ducts. 

The effects of obstruction of bile passages depend on the 
site and completeness of the obstruction. Large stones such 
as the solitary cholesterol calculus are often too large to get 
into bile ducts, though they may obstruct the neck of the gall 
bladder. Passage of a small calculus distending biliary ducts 
elicits the severe pain of biliary colic. 

Complete obstruction of the neck of the gall bladder or 
cystic duet leads to hydrops or mucocele of the gall bladder* 



in which condition the pigmented bile has been absorbed 
and replaced by a mucoid secretion from the lining of the 
gall bladder. Obstruction by a stone in the common duct re- 
sults in but little distention of the gaU bladder if the wall has 
been thickened by inflammation, although bile passages them- 
selves are usually visibly dilated above the obstruction. 




Fig. 189. — Carcinoma of the gall bladder. Papillary adenocarcinoma of 
the fundus and cholelithiasis. (Courtesy Dr. H. C. Schmeisser.) 
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Oourvoisier’s law states that obstruction of the common bile 
duct by pressure from the outside, as by a carcinoma of 
the pancreas, produces a distended gall bladder, whereas 
obstruction by a stone produces little or no distention of the 
gall bladder. The usual explanation is that in the latter in- 
stance the gall bladder wall is thickened and contracted as a 
result of inflammation. 

If biliary obstruction is present for a considerable time, the 
bilirubin excretory function of the liver may become sup- 
pressed, and a waterj’ or mucoid fluid, the so-called “white 
bile,” is found in bile ducts. 

The pancreas may be affected when a stone is impacted in 
an ampulla of Vater which acts as a common opening of 
pancreatic and bile ducts. In such a case reflux of infected 
bile into the pancreatic duct may give rise to acute pan- 
creatitis (see p. 404). 

Carcinonia of the Gall Bladder 

The only important tumor of the gall bladder is car- 
cinoma. About 75 per cent of eases occur in women, com- 
monly between 50 and 70 years of age. More than 65 per 
cent of carcinomas of the gall bladder are associated with 
calculi, which are often thought to have some causative role, 
probably by mechanical irritation. 

Cancer of the gall bladder is commonly an adenocar- 
cinoma, but occasionally of squamous cell type. Adeno- 
carcinoma may be subdivided into (a) an infiltrating scirrhous 
type, (b) a papillary type, and (c) a mucous tj’pe. The 
i^trating scirrhous type is most common ; it forms a firm 
tumor which spreads widely through the gall bladder wall, 
causing it to be greatly thickened. The lumen is narrowed 
and eventually obliterated. Microscopically it is an infiltrat- 
ing adenocarcinoma, often with abundant dense fibrous 
stroma. The papillary adenocardnoma forms a friable 
fungating tumor which grows into the lumen of the gall 
bladder. Microscopically it presents stalks of connective 
tissue stroma covered by at3T>ical columnar epithelium and 
infiltrated by glandular acini. The papillary type is less 
malignant and slower in its growth and spread than is the 
infiltrating adenocarcinomatous variety. The mucoid adeno- 
carcinomas form a bulky gelatinous mass, in which the 
tumor cells are distended with mucoid material and may 
have a “signet ring” form. Squamous-cell carcinoma of the 
gall bladder is a rare variety assumed to arise on the basis of 
metaplasia of the epithelial lining. 



spread of cancer of the gall bladder is by direct extension 
to the liver, and metastasis to regional lymph nodes. 
Further spread may occur by Ij'mphatie and blood stream 
metastasis, but widespread extension is not the usual oc- 
currence. 

THE PANCREAS 
Acute Pancreatitis 

Acute pancreatitis occurs in two forms which are similar 
in clinical manifestations but have radically different patho- 
logic changes and prognoses. There are in each sudden 
severe epigastric pain, prostration, shock, and toxicity. The 
serum amylase (diastase) is high in early stages.^® 

In the benign form, sometimes referred to as acute inter- 
stitial pancreatitis, there is only marked edema of the pan- 
creas and peripancreatic tissues, and the condition subsides 
without serious effects.®^ The more serious form frequently is 
associated with severe hemorrhage or massive necrosis. It 
may be termed acute hemorrhagic pancreatitis or acute pan- 
creatic necrosis when hemorrhage or necrosis respectively is 
the outstanding feature. Liberated trypsin acting on blood 
%'essel wails aceoimts for the hemorrhagic feature. Liberation 
of lipase results in a digestion of fatty tissue (fat necrosis), 
the affected fatty tissue having a characteristic appearance. 

Pathogenesis. — ^The causes of acute hemorrhagic pan- 
creatitis are varied, but probably the most common cause is 
reflux of bile into the pancreatic duct. In 80 to 90 per cent 
of individuals there is a common opening of the biliary and 
the pancreatic ducts into the duodenxun. Eeflux of bile may 
occur by creation of a common biliary and pancreatic channel 
due to spasm of the sphincter of Oddi in chronic disease of 
the biliary tract.®^ Less commonly it is due to impaction of 
a small biliary calculus at the ampulla of Vater. In other 
cases, acute pancreatitis may be due to direct spread of infec- 
tion from neighboring tissues, to vascular disease or occlu- 
sion, or to pancreatic duct obstruction. 

"When the pancreatitis is due to infection or vascular inter- 
ference, the condition may be of a milder, subclinical grade, 
and lead to recovery with scarring or chronic pancreatitis. 
Pancreatic vessels are occasionally involved in the severe 
arteriolar degeneration and necrosis of malignant hyper- 
tension, but the resulting acute pancreatitis is usually over- 
shadowed by the severe renal involvement. 

The more severe hemorrhagic and necrotic forms of acute 
pancreatitis may be due to obstruction of uanerpatTn /inn+c. 
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Fig. 190. — Fat necrosis and acute pancreatitis. The white opaque 
areas represent fat necrosis. A small white rod is in the duct opening 
into the duodenum. (Courtesy Br. H. C. Schmeisser.j 




as a result of metaplasia of lining epithelium as has been 
demonstrated by Rich and Duff.*® Such obstruction occa- 
sionally leads to rupture of acini and release of trypsin, which 
in turn affects blood vessel walls and produces hemorrhage. 
Ingestion of alcohol or a heavy meal may be a contributory 
factor, by stimulation of pancreatic secretion. 

Pathologic Appearance.— The pancreas is enlarged and 
firm, with softer friable areas of necrosis. Various degrees 
of hemorrhagic and gangrenous changes may iavolve portions 
of the pancreas or the whole organ. The gangrenous changes 
progress rapidly post mortem. Areas of fat necrosis affect 
the fat of the pancreas, mesentery, and omentum. These ap- 
pear as firm, dry, opaque yellow or gray nodules. The 
necrotic areas of fatty tissue are surrounded by a zone of 
hyperemia and leucocytes. 

Chronic Pancreatitis 

Chronic pancreatitis is manifested by fibrosis and in- 
creased firmness of the organ. The fibrosis may be inter- 
lobular or interaeinar. The latter type sometimes involves 
islets and may be associated with diabetes. Dilatation of 
acini Avith appearance of a central space or channel indicates 
some duet obstruction, as does also the presence of in- 
spissated material in the lumen of ducts. 

Pancreatic Calculi 

Calculi in pancreatic duets are the result of infiammation. 
They are single or multiple, composed mainly of calcium 
phosphate or calcium carbonate, and may cause duet ob- 
struction. They are uncommon. 

Pancreatic Cysts 

True cysts in the pancreas may be congenital or due to 
duct obstruction. Pseudocysts re^t from degeneration and 
softening of tissue, or from hematomas. Some pancreatic 
tumors are cystic. 


Fibrocystic Disease 

Pancreatic insufficiency in early life is the result of ob- 
struction of the ducts and acini, in which inspissated secre- 
tion can be seen. This leads to dilatation of duets, atrophy of 
^e parenchyma, and fibrosis. Deficiency of pancreatic juice 
in the neonatal period appears to be associated with meconium 
ileus. At a later period in infancy, the pancreatic deficiency 
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results in poor digestion and deficient absorption of starch, 
fat, and fat-soluble vitamins, simulating the celiac sj*ndrome. 
Eespiratorj' infections are usually present in addition to the 
intestinal disturbance. Vitamin A deficiency may be a fea- 
ture.®® 

The pancreas may show little gross change except to be 
firmer and thinner than normal, ilicroscopically, the exo- 
crine parenchyma is atrophic and scanty, with a relative 
increase of the fibrous stroma, which may be infiltrated by 
some IjTnphoeydes and mononuclear cells. Inspissated eosino- 
philic material may be found in dilated acini and ducts. 
Fatty replacement of atrophic parenchyma may occur as well 
as fibrosis. The islets of Langerhans remain intact. Broncho- 
pneumonia. bronchitis, and bronchiectasis are the common 
lesions in the lungs. 

Parber®® has suggested that the condition may be a sys- 
temic disease, the primary fault being an alteration of the 
character of the secretions within glandular structures. Evi- 
dences of disturbed secretion may be found also in the re- 
spiratory tract, upper intesinal tract, liver, and gall bladder. 

Diabetes MelHtus 

Diabetes mellitus is a disease due to insufiScient production 
of the hormone, insulin, by the islets of Langerhans of the 
pancreas. This, in turn, gives rise to a disturbance of carbo- 
hydrate metabolism, vrith inability to store glycogen in the 
liver, excessive accumulation of glucose in the blood (hyper- 
glycemia), and excretion of the excessive sugar in the urine 
(glycosuria). Fat metabolism also is upset. The fats cannot 
be completely oxidized, ketone bodies accumulate, and acidosis 
results. Olhiical features are excessive appetite, thirst, and 
urination. In older individuals, obesity and severe arterio- 
sclerosis are common accompaniments. 

The relation of the pancreatic islets to diabetes has been 
proved by extiiTpation of the organ, which results in diabetes, 
and by the isolation of the hormone, insulin, from the islets 
after selective atrophy of the acinar tissue. Injection of in- 
sulin will control mo^ cases of diabetes. Special methods of 
fixation and stainiag will demonstrate a and ^ granular cells 
in the islets, and the p cells are believed to be active in insulin 
production.®/ 

There appear to be two main causes of diabetes: in one 
the ^ cells are damaged and produce very little insulin; in 
the other the jS cells are normal, but owing to some inter- 
fering substance, they fail to produce sufficient insulin. There 
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is evidence that the interfering substance is of pituitary 
origin. In these latter cases no histologic change may be 
evident in the islets. In the rare cases of diabetes that are 
resistant to insulin therapy, there is usually hepatic injury or 
disease. 

Alloxan, the ureide of mesoxalic acid, has been found to pro- 
duce a specific necrosis of the islets of Langerhans in experi- 
mental animals, and to result in diabetes mellitus.®® The 
islet tissue of man has a greater resistance, but it appears 
possible to produce some decrease of function of islet cell 
tumors.*® 

The anatomic changes in diabetes mellitus to be considered 
are: (1) tihe lesions in the pancreas, and (2) the lesions in 
other organs resulting from the disturbed metabolism. 

Lesions in the Pancreas. — ^No characteristic or common 
gross change involves the pancreas. Occasionally a massive 
destruction of pancreatic tissue, as by acute or chronic 
pancreatitis, malignant tumor, or hemochromatosis, may re- 
sult in diabetes. Ordinarily, however, there is suflScient 
reserve of insulm-producing power that destruction of even 
a large proportion of the pancreas may not result in diabetes. 

In a series of 842 cases of diabetes mellitus the following 
were the findings in the pancreatic islets’® : 

Approximate per cent 


19 no lesion 

34 hyalinization of the islets 

31 fibrosis 

8 hypertrophy of islets 

2.5 hydropic degeneration 

2.5 pyknotic nuclei 

1.5 hemochromatosis 

1.5 lymphocytic infiltration 


Hyaline degeneration of the islets, which is a common 
change in elderly and mild diabetics, and also fibrosis of islets, 
may be found in individuals who have not suffered from di- 
abetes. In some eases the hyaline material in the islets ap- 
pears to be a type of amyloid.®* 

Lesions in Other Organs. — ^Pathologic changes in organs 
other than the pancreas depend on the disturbed metabolism 
and are mainly changes in the distribution and amount of 
glycogen in certain tissues.® Such changes will not be 
present in cases in which the metabolic disturbance is con- 
trolled by insulin administration. Glycogen may be demon- 
strated in tissues by prompt fixation in alcohol, and staining 



LIVER, GALL BLADDER, AND PANCREAS 


by Best’s carmine. The glycogen appears as a bright red 
intracellular material. 

The kidney contains excessive glycogen in the epithelium of 
Henle’s loops and occasionally in convoluted tubules. The 
cells have a water clear cytoplasm, or hydropic appearance. 
This change may be associated with glycosuria from any 
cause. Intercapillary glomerulosclerosis is a glomerular lesion 
frequently associated with diabetes mellitns (see p. 295 ). 



SUg. 192. — ^Hyalinization. of islets of Langerhans of psucreas. From 
• a case of diabetes meUitus. 


The liver has decreased glycogen storage within cytoplasm 
of the liver cells, although the nuclei of the liven cells may 
have increased glycogen content, and appear clear and glassy. 
Skin, voluntary muscle, and heart may also show some changes 
in glycogen content. 

Tumors of the Pancreas 

Primary tumors of the pancreas may be carcinoma, aris- 
ing from duct or acinar tissue, or adenoma, arising from 
cells of the islets of Langerhans. 
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Carcmoma of the Pancreas. — ^The majority of carcinomas 
of the pancreas arise in the head of the organ, where early 
in their conrse they cause obstruction of the common bile 
duct. The obstruction produces dilatation of bile ducts and 
gall bladder, and clinically gives rise to a painless, ever- 
deepening jaundice. Spread to neighboring tissue and by 
metastasis is a late feature. In the less common tumors 
arising in the body or tail, earlier and more widespread ex- 
tension and metastasis result in a greater variety of clinical 
symptoms.**^ 



Fig. 193. — ^Islet cell adenoma of pancreas. 

The tumor forms a hard nodular mass within the pan- 
creatic tissue, often fibrous or scirrhous in character, and 
difficult to distinguish grossly from chronic pancreatitis. 
Microscopically, it may be a cylindrical cell adenocarcinoma 
originating from the pancreatic duct system, or less fre- 
quently an acinar cell type, resembling the parenchyma of 
the pancreas. 

Islet Cell Tumor of the Pancreas. — ^Tumors composed of 
functioning islet tissue occasionally occur in the pancreas. 
They produce excessive hormone, giving rise to the clinical 
picture of hyperinsulinism, with marked hypoglycemia. 
Paroxysmal attacks rather than continuous hyperinsulinism 
is the usual form of disturbance. Removal of the tumor 
relieves the symptoms. 
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The islet cell tumor is a benign adenoma, but rarely there 
may be evidence of malignancy. Its derivation is, probably 
from duct epithelium, which may differentiate into either 
islet tissue or acinar tissue. The tumors vary markedly in 
size and gross appearance, but microscopically they closely 
duplicate the appearance and architecture of normal islet 
tissue, so that structurally they are simply gigantic islets of 
Langerhans. Most of the cells are comparable to the beta 
cells of normal islets. Degenerative changes such as fibrosis, 
hyalinization, and calcification, which commoply affect islets, 
may also be found in the tumor. The presence of the func- 
tioning tumor apparently does not suppress the secretory 
activity of the normal islets. A few adenomas have been re- 
ported in heterotopic pancreatic tissue.*^ 
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CHAPTER XVI 


THE RETICULO-ENDOTHELIAL SYSTEM, 
SPLEEN, AND LYMPH NODES ■ 

THE BETIGULO-ENDOTHEUAL SYSTEM 

The reticTilo-endothelial system is composed of widespread 
cells haviag the essential and common ability to phagocytose 
particulate foreign material, such as injected vital dyes or 
India ink. Some of these phagocytic cells are endothelial 
cells lining the blood sinuses of the ^leen, liver, and bone 
marrow and the lymph sinuses of lymph nodes. But also, all 
connective tissues contain elements (undifferentiated mesen- 
chymal cells), which are capable of assomiag mobility and 
phagocytic function. These cells go under the terms of 
histiocytes, clasmatocytes, polyblasts, resting wandering 
cells, adventitial cells, etc. Both the endothelial cells and 
the undifferentiated mesenchjmial cells are capable of becom- 
ing macrophages. 

The conception of the reticulo-endothelial system has been 
furthered by Maximow, who pointed out that in the spleen, 
bone marrow, and lymphatic tissue generally there exists 
an undifferentiated mesenchyme (called reticulum) in the 
form of a nucleated syncytium with an abundant meshwork 
of fibrils. These fibrils (reticulin) are not seen well in ordi- 
naiy sections stained by hematoxylin and eosin. However, 
reticulin fibers are argyrophilic and are stained black by 
silver salts, which are converted to the black oxide. This 
syncytium or reticulum is not in itself phagocytic, but under 
stimulus of injury or inflammation there differentiates from 
it the mobile phagocytic macrophage. Since the undifferen- 
tiated mesench^pie is widespread throughout the body, mac- 
rophages likewise have diverse origin. Microglial ceUs are 
the corresponding phagocytic cells in the nervous system. 

The monocyte of the circulatory blood is also phagocytic, 
and commonly believed of reticulo-endothelial origin. The 
other two main views regarding its origin are that it may 
arise from the lymphocyte or from the myeloblast. The 
ordinary lining endothelium of blood vessels and lymphatics, 
other than in the spleen, lymph nodes, liver, bone marrow, 
adrenal cortex, and hypophysis, is not actively phagocytic. 

41S 
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Retieulo-endothelial cells are important in normal break- 
down of hemogloto and formation of bile pigment, in fat 
metabolism, and in defense of the body. The blood is cleared 
of particulate matter, foreign material, and bacteria in its 
filtration through the liver, spleen, and bone marrow. The 
phagocytic cells ingest and remove dead tissue fragments, 
pigments, bacteria, fungi, and protozoa. For larger masses 
of particulate matter they fuse and form foreign body giant 
cells. The osteoclast of bone is a particular type of such a 
giant cell- The retieulo-endothelial system^ plays a role^ in 
immunity, and some evidence suggests that it has a function 
in antibody formation. 

Diseases of the retieulo-endothelial system fall into three 
main groups: (1) Infections and inflammations in which 
proliferation and phagocytosis by retieulo-endothelial cells 
are prominent. Histoplasmosis and malaria are excellent 
examples. (2) Lipoidoses, or lipoid storage diseases, in 
which, due to disturbed metabolism, fatty substances ac- 
cumulate in retieulo-endothelial cells. The fatty material 
may he kerasin (Gaucher’s disease), sphingomyelin (Nie- 
mann-Pick’s disease), or cholesterol (SchuUer-Christian dis- 
ease, xanthomas). (3) Tumors and tumor-like conditions 
form a large and confusing group of conditions which in- 
cludes the leucemias, Hodgkin’s disease, reticulum-cell sar- 
coma, lymphoblastomas, and reticulo-endotheliosis. 

Since the large storehouse of retieulo-endothelial cells is in 
the spleen, lymph nodes, bone marrow, and liver, the reticulo- 
endothelial involvement is considered in conjunction with dis- 
eases affecting these organs. 

SPLEEN 

The average normal adult spleen weighs 150 to 170 Gm., 
but the size and weight vary widely. Many of the diseases 
of the ^leen bring about an enormous increase in its size 
and wmght, sometimes to 2,000 Gm. or more. The adult 
spleen is usually not cUnically palpable unless it weighs 
more than 300 Gm. The cut surface of the normal spleen is 
moderately firm, light red, and the Malpighian corpuscles 
are just visible as small grayish-white areas. Small acces- 
sory spleens are not uncommon. Microscopically, the dis- 
cermble structures are (1) the Malpighian bodies (l3rmph 
follicles),^ which are cylindrical masses of lymphoid tissue 
surrounding small arteries ; (2) the pulp, consisting of sinu- 
soids separated by reticular tissue; and (3) trabeculae or 
fibromuscular bands which connect with the splenic capsule. 
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The spleen ^ not essential to life, but it has important 
functions, particularly as the main component of the reticulo- 
endothelial system. Thus it is important (1) in the break- 
down of hemoglobin and formation of bile pigment, (2) in the 
filtration of oi^anisms or other foreign material from the 
blood stream, (3) probably in the formation of antibodies and 
immunity, (4) as a reservoir for blood, and (5) for blood 
formation in the fetus or when there is severe anemia. 

Splenectomy may be beneficial in rupture of the spleen, 
familial hemolytic jaundice, thrombocytopenic purpura, pri- 
mary splenic neutropenia, and early stages of splenic anemia 
or Banti’s syndrome.^ 

Degenerative Conditions of the Spleen 

Atrophy. — ^Reduction in size of the spleen may occur in 
old age, usually in association with marked arteriosclerosis 
of splenic vessels. Extreme atrophy may be present in late 
stages of sickle-cell anemia. 

Arteriosclerosis. — ^Hyaline sclerosis of small arteries and 
arterioles in the spleen is very common, its frequency and 
severity increasing with age. While more pronounced when 
there is hypertension and arteriosclerosis is present else- 
where, the vascular change may be present in the spleen 
alone. When severe, it may cause multiple small infarcts or 
necroses in the spleen (i^otted spleen — see bdow). 

Amyloid. — The spleen is a common site for amyloid de- 
posit (see p. 41). 

Eosinophilia. — ^Allen^ has pointed out that unusually large 
numbers of eosinophiles are found in the spleen in most 
cases of sudden death, as from trauma or coronary occlusion. 
The explanation is not known. 

Pigmentation. — ^Pigment deposits m the i^leen follow ex- 
cessive breakdown of hemoglobin, due to hemolytic anemia 
(pernicious anemia, sickle-cell anemia), malaria, or chronic 
congestion (Banti’s syndrome). Some brownish hemosiderin 
pigment in the spleen is a normal finding. In malaria, the 
pigmentation is excessive, so that the enlarged organ grossly 
exhibits a slate-gray color (see p. 166). In sickle-cell wemia 
and Banti’s syndrome curious areas of fibrosis and pigmen- 
tation occur in the spleen (siderofibrotic nodules, Gandy- 
Gamna bodies, see pp. 417 and 441). 

Multiple Necroses of the Splemi (Fleckmilz). — Speddmg 
of the spleen may be due to widespread and irregular areas 
of necrosis as the result of confluence of many small infarcts. 
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The splenic arterioles commonly show marked degenerative 
changes with frequent thromboses. Most cases are associ- 
ated with renal disease and uremia.®* ^ 

Circulatory Disturbances in the Spleen 

Infarction. — ^Infarction in the spleen is common and is 
usually the result of arterial embolism (see p. 60 ). 

Oongfestion. — Chronic passive congestion in the spleen may 
be present in conditions of circtilatory failure. The spleen 
is moderately enlarged and firm. Microscopically, the 
sinusoids appear dilated. Fibrosis occurs if the process con- 
tinues for a long period. 



Fig. 194. — Chronic passive congestion of spleen. Note the dilated and 
congested sinusoids. 

Chronic congestion is also associated with obstruction of 
the portal circulation (e.g., from cirrhosis of the liver) and 
with the Banti syndrome. Marked congestion of the spleen 
is a feature of sickle-cell anemia in its earlier phases, and of 
congenital hemolytic jaundice. 

Banti’s Syndrome (Hepatolienal Fibrosis). — ^Banti’s syn- 
drome is a symptom complex dominated by splenic enlarge- 
ment, nonhemolytic anemia, and leucopenia. The spleno- 
megaly is characterized by congestion and fibrosis, accom- 
panied by portal hypertension, and often complicated in 
later stages, by ascites, hematemesis, portal cirrhosis of the 
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liver and thrombosis of splenic and portal veins.® Splenec- 
tomy may be beneficial in early stages. 

The spleen is markedly enlarged, averaging about 900 
Gm. in weight. The capsule is thickened, and the cut sur- 
face is red, firm, and meaty in appearance. Microscopically 
the characteristic changes are (1) periarterial hemorrhages 
and (2) dilated venous sinuses. The hemorrhages may de- 
velop into areas of fibrosis or siderofibrotic nodules charac- 
terized by crystalline and amorphous deposits of iron-con- 
taining pigments, and iron incrustation of the connective 
tissue fibers. The distended sinusoids are usually the most 
obvio^ finding, their walls showing collagenous thickening.® 
The size and relative number of lymph follicles per area are 
reduced. 

Exactly the same t3rpe of splenic changes, but usually of 
less marked degree, accompany cases in which portal cir- 
rhosis of the liver is a primary development. Various other 
disturbances in the portal circulation which obstruct the 
venous outflow of the spleen produce the same result.^ These 
conditions differ from Banti’s syndrome only in that in the 
latter the splenic condition is considered primary. The term 
“splerdc anemia” is often used in a broad sense to include 
the above conditions as well as others in which splenomegaly 
and anemia are prominent features.® 

Buptnre of the Spleen, — ^Buptiure of the spleen is usually 
the result of direct trauma over the splenic area. Unless 
there is prompt operation, fatal intra-abdominal hemorrhage 
usually results. 


Inflammalions of the Spleen 

Acute Splenitis (Acute Splenic Tumor). — Splenic reaction 
with moderate enlargement accompanies acute systemic in- 
fections, particularly bacteiiemias or .septicemias. In such 
eases the causative organisms are usually obtainable in cul- 
tures from the spleen. Bich® has presented evidence that 
acute splenic tumor represents a reaction to the presence of 
foreign protein, whether bacterial or nonbacterial. 

Two forms occur, a gray or “septic” type, and a red or 
“typhoid” type. In ^e gray type of acute splenitis the 
spleen is moderately enlarged and very soft. On the cut 
surface the soft swollen pulp has a grayish color, with_ a 
purplish tinge. The tissue is so soft as to be almost flxiid, 
and it is easily scraped away with a Imife. The red type 
occurs with bacillary infections, such as typhoid fever. The 
enlarged soft spleen is very red from intense congestion. 
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Microscopically the changes in acute splenitis are conges- 
tion and cellular accumulation in the pulp. In some cases 
many of the cells are polymo]^honuclear leucocytes, but 
commonly they are large basophilic mononuclear cells which 
are lymphoid in character.® 

Tuberculosis. — ^The spleen is usually involved in general- 
ized miliary tuberculosis. In rare cases, a large localized 
tuberculous lesion develops in the spleen, while the original 
focus remains quiescent or heals. Small rounded hyalinized 
fibrous nodules, 1 to 3 mm. in diameter, are a frequent find- 
ing in the spleen and in most cases represent healed tubercles. 

Malaria. — ^The spleen is enlarged and heavily pigmented 
in malaria (see p. 166) . 

Histoplasmosis. — The spleen is often greatly enlarged in 
histoplasmosis, due to marked proliferation of reticulo- 
endothelial cells. The small organism can be seen in the 
cytoplasm of these phagocytic cells (see p. 157). Similar 
splenic lesions occur in kala-azar. 

Cysts and Tumors of the Spleen 

Cystic cavities in the spleen are rare. Most are pseudo- 
cysts resulting from encapsulation of an area of hemorrhage 
or degeneration in the pulp. Epidermoid cysts and parasitic 
(hydatid) cysts are rare occurrences.^® 

Tumors of the spleen, either primary or metastatic, are 
rather uncommon. Hemangioma, although rare, is the most 
frequent primary tumor. The reason for the rarity of meta- 
static tumors in the spleen is not known. 

LYMPH NODES 

The lymph nodes are focal collections of lymphoid and 
reticulo-endothelial cells. Lymphoid tissue is widely dis- 
tributed in other tissues as well, such as the alimentary canal 
and ^leen. The main elements in lymph nodes are (1) 
lymph follicles (germinal centers) supposedly the site of 
formation of lymphocytes; (2) lymph sinuses, lined by endo- 
thelium, and (3) the medulla or pulp consisting of lympho- 
cytes and reticulum cells in' a delicate meshwork of reticulin 
fibers. 

The lymph nodes are an integral part of the reticulo- 
'Cndothelial system and participate in its diseases. The main 
lesions of lymph nodes are i^ammations (lymphadenitis) 
and tumors (primary and metastatic) . 



BETICDLO-ENDOTHELIAL SYSTEM, SPUEEN, LYMPH NODES 419 


Lymphadenitis. — ^Aeute lymphadenitis occurs in lymph 
nodes draining an area of acute inflammation, e.g., in eervi* 
cal lymph nodes in acute infections of the throat or in axil- 
lary lymph nodes in infections of the hand or arm. The 
l^ph nodes are swollen and tender, and in pyogenic infec- 
tions suppuration may occur. Microscopically, the sinuses 
of the lymph nodes are foimd filled by polymorphonuclear 
leucocytes or mononuclear cells. In certain infections the 
lesions in lymph nodes are of a characteristic nature, e.g., in 
tularemia, lymphogranuloma venereum, and tuberculosis. In 
disseminated lupus erythematosus the lymph nodes are en- 
larged in 66 per cent of cases, showing edema, engorgement, 
and, sometimes, necrosis. 

Chronic lymphadenitis, which may be found in nodes 
draining an area of low-grade inflammation, shows prolifer- 
ation of mononuclear cells which flU the sinuses. Fibrosis 
usually does not occur. 

Infectious Mononucleosis (Glandular Fever).— Infectious 
mononucleosis is a benign condition, occurring most fre- 
quently in young adults, characterized by slight enlarge- 
ment of superflcial lymph nodes, sore throat, mild fever, in- 
crease in mononuclear cells (probably of lymphoid origin) in 
the blood, and a positive heterophile antibody (Paul-BunneU) 
test (the serum in high dilution, i.e., a titer of 1 :160 or more, 
agglutinates sheep’s red cells). The disease may be mistaken 
for lymphatic leucemia. The mortality is almost nil,“ but 
fatality has occurred due to rupture of the spleen.^* 

The lymph nodes show a maintenance of architecture 
(albeit distorted) with distinguishable lymph sinuses and 
germinal centers. Throughout the pulp, in &e sinuses, and 
on the edges of the germinal centers are large numbers of 
the specific large mononuclear cells, identical with those in 
the circulatory blood. Marked proliferative activity is evi- 
dent in the p^p.“ 

In addition to involvement of lymphoid tissues of the 
lymph nodes, spleen, tonsils, and bone marrow, there may 
be focal areas of mononuclear infiltration, reticulocyte pro- 
liferation, and necrosis in the liver, kidne;^, and lungs.“ 

Acute Infectious Lymphoc^sis. — ^Under the term “acute 
infectious lymphocytoris” Smith“ and others have described 
an infectious and contagious condition in children charac- 
terized by a relative and absolute lymphocytosis of smaU 
lymphocytes of normal appearance. Cliiflcal signs are often 
only mild constitutional reactions, and the outcome is favor- 
able. The white cell count qf the blood may be from 15,000 
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to 60,000 per cu. imn., and up to 90 per cent lymphocytes. 
Biopsied lymph nodes show a marked proliferation of the 
retioulo-endotMium of the sinuses and hyaline degenerative 
changes in the lymph follicles. Acute infectious lympho- 
cytosis is differentiated from leucemia and infectious mono- 
nucleosis by the normal appearance of the predominating 
gtnall lymphocytes and the negative heterophile agglutination 
reaction. 

Metastatic Tumors. — Carcinomas particularly tend to me- 
tastasize to regional lymph nodes. The tumor cells are first 
seen in the sinuses of the periphery or pulp, but Ismphoid 
tissue eventually is replaced by tumor and invasion occurs 
through the capsule. 

TUMOBS OF THE BETICULO-EEDOTHELIAL AND 
LYMPHOID TISSUES 

Apart from the infections in which proliferation of reticulo- 
endothelial cells is a marked feature (malaria, histoplasmosis, 
kfda-azar) and the lipoid storage diseases (Gaucher’s disease, 
etc.), there occurs a variety of tumors and tumor-like condi- 
tions involving lymphoid and reticulo-endothelial structures. 
Being of obscure causation, etiologie classification fails. The 
following simplified morphologic classification should be 
viewed with the realization that gradations and overlappings 
preclude sharp lines of distinction. 

1. Beticulo-endotheliosis 
n. Lymphoblastomas 

1. Follicular lymphoblastoma 

2. Lymphosarcoma (a) small cell type — ^malignant 

lymphocytoma 

(b) large cell type — reticulum- 
ceU sarcoma 

3. Hodgkin’s disease 

4. Mycosis fungoides (see p. 638) 

5. Lympho-epithelioma (see p. 458) 

III. Leucemias (see p. 445) 

1. Lympho<^ic 

2. Myelocytic 

3. Monocytic 

Betioulo-Endotheliosis 

Beticulo-endotheliosis (reticulosis, aleucemic reticulosis) 
is a rare condition in which there is diffuse hyperplasia of 
the rotieulo-endothelial system to the point of replacement 
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of normal structures. It may occur at any age but is more 
frequent in infants and young children. The eharacteristies 
include splenomegaly, hepatomegaly, anemia, purpura, and 
bony changes such as areas of rarefaction and cyst forma- 
tion. A fatal ending is reached in two weeks to two years, 
usually from acute infection. 

The most marked changes are found in the spleen, lymph 
nodes, liver, and bone marrow. The enlarged spleen shows 
scattered indefinite grayish-yellow nodules on the cut sur- 
face, and similar nodules may be seen in the liver. Micro- 
scopically, there is a great proliferation of large mononuclear 
cells in organs of the reticulo-endothelial system, with distor- 
tion of normal structure. These cells are roTinded or poly- 
hedral and some may be very large (up to 50 microns). Multi- 
nudeated giant cells may be seen. Occasional mitoses are 
present. Silver staining shows a proliferation of reticidin 
fibers in contact with the atypical cells. 

Eeticulo-endotheliosis is closely related to monocjdiic leu- 
eemia and Hodgkin’s disease. By some observers it is consid- 
ered simply an aleueemic form of monocytic leucemia. How- 
ever, the rarefaction of bone and formation of bone cysts ap- 
pear characteristic of reticulo-endotheliosis, and in monocytic 
leucemia the cell type is more uniform, the process more wide- 
spread, and with the appearance of infiltration rather lian of 
hyperplasia in situ.^®’ 

In monocytic leucemia there is hyperplasia of the reticulo- 
endothelial tissues, with enlargement of the spleen, liver, and 
often lymph nodes. The bone marrow is almost always in- 
volved. A tendency to hemorrhage, ulceration, and necrosis 
is prominent, the oral cavity being the commonest site of 
such involvement. Infiltration with monocytes and a gen- 
eral reticulo-endothelial hyperplasia is the main microscopic 
finding, evident particularly in the spleen, liver, lymph 
nodes, bone marrow, and skin. Areas of necrosis and hemor- 
rhage are also common in these tissues. In chronic cases the 
microscopic appearance may simulate that of Hodgkin’s dis- 
ease, with eosinophiles and Keed-Stemberg cells.“ 

FoUioolar Lymphoblastoma 

Follicular lymphoblastoma (follicular reticulosis, giant 
follictdar lymphadenopathy) is a relatively benign disease 
of lymph nodes and spleen, in which the characteristic fea- 
ture is a marked increase in number and size of lymph 
foUiclea It occurs in adults, the average age being above 
forty. The blood picture is normal and constitutional symp- 
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toms are mild. Ascites is a common accompaniment. The 
lymph nodes are involved and usually the spleen as well, but 
the tonsils and intestinal lymphoid tissues are unaffected. 
The tissue is peculiarly ra<fiosensitive, and the prognosis is 
for longer survival than in most other lymphomatous dis- 
eases. Many cases have a late malignant phase, or become 
associated with Hodgkin’s disease, lymphatic leucemia, or 
a polymorphous cell sarcoma.^®* ®®* 



Pig. 195. — Giant foUienlar lymphoblastoma of the spleen. 

The l3nnph nodes are enlarged, firm, and discrete (until 
late). The spleen is usually greatly enlarged (average 1,600 
Gm.). The cut surface is studded by grayidi areas, 1 to 3 
mm. in diameter, which represent the greatly hypertrophied 
Malpighian corpuscles. Microscopically, the essential change 
is a tremendous increase in number and size of the germiual 
centers of lymph follicles, which are surrounded by a narrow 
rim of small dark mature lymphocytes. The enlarging fol- 
licles may fuse and assume irregular diapes. Invasion of 
the capsule and tissues beyond occurs in late stages. 

The condition is easily distinguished microscopically from 
the other types of lymphoblastoma by the maintenance and 
exaggeration of the foHicular architecture. It is most easily 
confused with the l3nnphadenitis of secondary S3rphilis (see 
p. 136) and other inflamniatory hyperplasias. The latter be- 
nign reaction of lymphatic tissue to infections or irritative 
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processes is most marked in children, whereas follicular 
lymphoblastoma occura in late adult life. The histologic dif- 
ferences between follicular l3Tnphoblastoma and inflammatory 
hyperplasia are outlined in Table X (From Baggenstoss and 
Heck**). 

Tasls X 

BiSTOLOOio DmantENOES Brnr^rsm IFolucdiiAS LyiiPBOBLASTOUiL 

mm Iki7,amua.toby Hypxeplasia 



POLLICTJLAE 

LYMPHOBLASTOMA 

SIMPLE HYPEBFLASIA OF 
INFLAMMATOBY OR 
TOXIO ORIGIN 

Follicles 

Larger and more numeroas 
Closely packed 

Diffuse througlLont node 

Frequent in medulla 
Uniforziily large 

Tend to fuse 

Smaller and less numerous 
Scattered 

Arranged around cortex in 
concentric rows 

Few in medulla 

Vary in size 

Are discrete 

Interfollicular 

tissue 

Cells densely packed 
Condensation of reticulum 
Sinuses narrowed or 
blocked 

Slight proliferation of 
reticular cells 

Cells scattered 

Loose reticulum 

Siuuses open — often 
dilated 

Marked proliferation of 
reticular cells 


Lymphosarcoma 

Lymphosarcoma is a malignant tumor which can arise 
from any aggregate of lymphoid tissue. It may occur at 
any period of life, but the average age is about 45 years. 
Constitutional symptoms and blood changes are lacking in 
early stages. External lymph node enlargement is the most 
frequent beginning, and the cervical nodes are most often 
affected. The gastrointestinal trapt is frequently involved. 
Direct invasion and extension to contiguous lymph nodes 
occurs early. Later widespread extension, probably by the 
blood stream, often results in involvement of many tissues. 
The tumor tissue is highly radiosensitive. 

Lymphosarcoma probably arises from the undifferentiated 
mesenchymal stem cell of lymphoid tissue.*® Lymph follicles 
are coiqposed of two types of cells, the small lymphocytes 
arranged about the periphery, and the large pale reticulum 
cells of the germinal center. Differentiation may be differ- 
ent in 'degree or direction, so that two types of lymphosar- 
coma m^y be distinguished, a small cell t^e (malignant 
lymphoc^oma) and a large eeU type (reticulum-cell sar- 
coma) Thie latter term, reticulum-cell sarcoma, is re- 
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served by some for the most undifferentiated types of 
lymphosarcoma, composed of syncytial masses of cells with 
large, very pale nuclei.*® 

The essential microscopic feature of lymphosarcoma is dis- 
ruption and obliteration of the architecture of the lymphoid 
tissue by the cellular overgrowth. Pleomorphism is not a 
feature, most of the cells being similar in appearance, though 
some giant-cell forms may occur. Mitoses are present but 
not necessarily abundant. In lymph nodes the capsule even- 
tually is penetrated, and there is invasion of surrounding 
tissue. In the intestinal tract, invasion occurs throughout 
the walls of the bowel. Fibrosis or granulomatous changes 
are lacking. Silver stains show a variable number of fine 
reticulin fibers. 

Lymphosarcoma is closely related at one end of the scale 
to follicular lymphoblastoma, and at the other end to Hodg- 
kin ’s sarcoma. 


Hodgkin’s Disease 

Hodgkin’s disease involves lymph nodes or lymphoid tis- 
sue elsewhere, as in the alimentary tract, spleen and, often, 
bone marrow.*® The etiology is unknown, and its nature is a 
matter of debate. The most popular conceptions are that 
it is (1) a chronic infective granuloma, or (2) a true neo- 
plasm of lymphoid or reticulo-endothelial origin. At least 
one form or stage, often termed Hodgkin’s sarcoma, has the 
characteristics of a malignant tumor. The belief that it is 
an atypical form of tuberculosis has been almost abandoned. 
Organisms of the Brucella group have been cultured from 
cases which appeared to be Hodgkin’s disease,®* but an eti- 
ologic relationship has not been established as yet. 

A fatal ending occurs after an average duration of two 
years, but length of life varies from a few months to ten years 
or more. Males are affected more than twice as frequently as 
females. It may occur at any age, but the highest incidence 
is in young adults.*® 

The beginning is usually a painless enlargement of a group 
of lymph nodes, most frequently in the neck. Itching is 
often an accompaniment. Blood changes are inconstant, but 
there may be a moderate polymorphonuclear leucocytosis 
with lymphopenia, and eosinophilia is occasionally present. 
Anemia develops in later stages. The disease progresses by 
further involvement of lymphoid tissue, as in other groups 
of nodes, spleen, etc. In late stages various viscera become 
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involved. Almost any tissue eventually may be affected, al- 
though the nervous system is seldom involved except by 
Hodgkin’s sarcoma. Radiation, to which the tissue is mod- 
erately sensitive, is the usual method of therapy. 



Tie. 196. — ^Hodgkin’s disease of spleen. The suet-like areas of 
HodgaizL^s tissue are seen on the cut surface. (Courtesy Dr. H. C. 
Schzneisser.) 

The enlarged involved lymph nodes are at first discrete, 
but in late stages they become matted together. The cut 
surface of the Hodgkm’s tis.srae has a grayish, translucent. 
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“fish-flesh” appearance. Diagnosis is usually made by 
biopsy of a lymph node. The whole of an enlarged node 
should be resected for such purpose. Gordon’s test for 
Hodgkin’s disease consists of the intracerebral inoculation 
of rabbits or guinea pigs with suspensions from involved 
lymph nodes. In positive cases the animal develops en- 
cephalitic signs. While this biologic test has been believed 
to support the infective nature of Hodgkin’s disease, there 
is evidence that it is nonspecific and may be a reaction to 
eosinophiles.®® 



Kg. 197. — Hodgkin’s disease, retroperitoneal lymph nodes. (Courtesy 
Dr. H. C. Schmeisser.) 


The histologic picture in Hodgkin’s disease is that of a 
diffuse progressive granulomatous or neoplastic process, be- 
ginning with lymphoid hyperplaaa. With progression of 
the lesion, there is gradual loss of normal architecture due 
to replacement by a pleomorphic cellular tissue in which 
large hyperchromatic characteristic cells (Sternberg or 
Dorothy Beed cells) are an essential constituent. Eosin- 
Ophiles are often numerous, but they are not invariably 
present. In certain cases there is invasion, and the tissue 
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Fig. 198. — Hodgkin's disease. Note the characteristic large hyper- 
chromatic cells which stand out prominently. Some fibrosis is evident in 
the upper figures. 
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has a sareomatotis aspect. Areas of necrosis may occur. 
Fibrosis with hyalinization is a late development. 

The important histologic features are (1) the Sternberg 
or Dorothy Reed cells, (2) the pleomorphism of the cellular 
tissue, (3) the presence of eosinophiles, and (4) fibrosis. The 
Stemberg-Beed cells are large (12 to 40 microns), often ir- 
regular in shape, and with lobulated or multilobed nuclei. 
Multinucleated forms also occur. The nuclear chromatin is 
abundant and dark-staining, and nucleoli are prominent. 
Their hyperchromatism may cause them to stand out prom- 
inently in the first glance at a microscopic field. The cyto- 
plasm is abundant, and may be either acidophilic or baso- 
philic. The appearance of Reed-Sternberg c^s is often 
similar to that of megakaryocytes. Pleomorphism is prom- 
inent in the usual case, in that there is a mixture of the 
specific cells, giant cells of Hodgkin’s disease, plasma cells, 
l 3 rmphocytes, leucocytes, and eosinophiles. The occurrence 
of eosinophiles is important. While not invariably present 
in Hodge’s disease, they rarely occur in large numbers 
in lymph nodes in any otber condition. Fibrosis is impor- 
tant in distinguishing Hodgkin’s disease from other lympho- 
blastomatous conditions such as lymphosarcoma and lym- 
phatic leucemia. 

Attempts have been made to divide Hodgkin’s disease into 
histologic types,®®* ®® from which an estimate of the course 
and prognosis sometimes can be made. The most benign 
form, Hodgkin’s lymphoma or paragranuloma, is essentiafly 
a disease of lymph nodes, most frequently of the cervical 
group. There is a proliferation of lymphocytes, the pre- 
dominant cell, with ^turbance of the architecture of the 
lymph node varying from slight to severe. Variable num- 
bers of Reed-Stemberg cells are present, on which the diag- 
nosis is based. Pleomorphism, necrosis, and fibrosis are ab- 
sent. In time this type may become transformed into Hodg- 
kin’s granubma. Hodgkin’s granuloma, the most frequent 
variety, is characterized by pleomoi^hism, Beed-Stemberg 
cells, eosinophiles, necrosis, and fibrosis. Widespread involve- 
ment ensues. Hodgkin's sarcoma or lymphoreticuloma has a 
neoplastic character and is characterized by anaplastic cells, 
often with frequent mitoses, lymphocytic and reticulum cdl 
hyperplasia, and scattered typical Reed-Stemberg cells. Ple- 
omorphism and fibrosis are not prominent features. The be- 
havior is that of a highly malignant and invasive tumor. 
This type has a higher proportionate incidence in older age 
groups.®® 
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LIPOIDOSES 

The lipoidoses (lipoid storage diseases) are a group of 
conditions in which an abnormal accumulation of fatty sub- 
stance occurs within reticulum cells or tissue histiocytes. 
Often congenital or familial, they are the result of an ab- 
normality of fat metabolism. It has been debated whether 
the large fat-holding cells are active participants in the dis- 
turbed metabolism or simply passively accumulate the lipoids 
in abnormal amount. The main types of lipoidoses and the 
fatty materials involved are outlined in Table XI. 

Table Xt 
Lipoidoses 


DISEASE 

LIPOID SUBSTANCE 

ORGANS AND TISSUES 
INVOLVED 

Gaucher’s disease 

Cerebroside 

(kerasin) 

Spleen, liver, bone mar- 
row, skin, brain (in- 
fantile or acute neuro- 
logic form). 

Niemaun-Pick disease 

Phospholipid 
(sphingomyelin 
and lecithin) 

Generalized — ^reticulo- 
endothdial, epithelial, 
and connective tissue 
cells. 

Amaurotic Pamily Idiocy 
(Tay-Sachs Disease) 

Phospholipid 

Central nervous system 
— glial and ganglion 

cells. 

Xanthomatoses 

Hand-SchuUer-Chris- 
tian disease 

Cholesterol ester 

Multiple involvement of 
skeletal system — bone 
marrow of skull and 
femur particularly. 
Lung sometimes in- 
volved. 

Xanthoma palpebrum 

Cholesterol 

Skin, particularly of 
upper eydids. 

Xanthoma tuberosum 
multiples 

Cholesterol 

Skin, tendons and ten- 
don sheaths, peri- 
articular tissues. 


Gfluclier’s Disease. — G-aucher’s disease (cerebroside lipoid- 
osis) is a chronic familial disease in which the cerebroside, 
keraain, accumulates in reticulum cells of the spleen, liver, 
lymph nodes, and bone marrow. Beginning in childhood, 
it extends into adult life, and the course of the disease may 
extend twenty years or leore. The spleen increases pro- 
gressively in size to reach a weight of 2,000 to 3,000 Gm. 
Tlie liver and lymph nodes are enlarged to lesser degrees. 
Hemosiderosis, pigmentation of skin and conjunctiva, mild 





*tou 


SYNOPSIS OF PATHOLOGY 


anemia and lencopenia are usually present. An acute in- 
fantile form of the disease also occurs, in which neurologic 
manifestations are prominent. 

The hypertrophied spleen is firm, reddish-brown in color, 
and studded with grayish-white translucent masses. The 
Kver also is pigmented and shows discrete whitish nodules, 
and similar masses involve lymph nodes and bone marrow. 
Microscopically, the distinctive feature consists of the large, 
pale Gaucher cells, which compose the grayish translucent 
areas. These cells measure 20 to 40 microns or more in diam- 
eter, have a small eccentric nucleus, and abundant pale cyto- 
plasm containing fine threads. Multinucleated forms occur. 
The intracytoplasmic lipoid does not stain with the ordinary 
fat stains. 



Pig. 199. — Gaucher disease of spleen. Note the masses of large, 
lipoid-filled ceUs. 


Niemann-Pick Disease. — ^In Niemann-Pick disease (phos- 
phatide lipoidosis, lipid histiocytosis) the phosphatides, 
sphingomyelin and lecithin, accumulate in cells of the reticulo- 
endothelial system and in histiocytes in many organs and 
tissues. Young infants are affected, and death usuafly occurs 
before the age of two years. The^jneutral fat, fatty acid, and 
cholesterol of the blood are increased. 

The spleen, liver, lymph nodes, lungs, and bone marrow 
are most involved, but the lipoid-containing cells may be 
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found in any organ. The characteristic cells are smaller 
than Gaucher cells and have a foamy appearance due to 
many fine vacuoles of lipoid in the cytoplasm. There is no 
hemosiderosis. The disease has a close relationship to the 
infantile form of amaurotic family idiocy (Tay-Sachs dis- 
ease) in which a phospholipid is present in the glial and 
ganglion cells of the nervous system. 

Xanthomatosis. — ^Xanthomas are localized accumulations 
of cells containing lipoid (mainly cholesterol). The lesions 
have a yellow color in the gross and microscopically are 
made up of large cells filled with doubly refracting lipoids. 
In some cases they are primary or idiopathic, and in other 
instances they are secondary to disturbances of fat metabo- 
lism, as in diabetes mellitus. The most common sites are in 
the skin or about tendons. The xanthoma cells are large, 
rounded, and have a vacuolated cytoplasm. Unlike the other 
lipoidoses the cells of a xanthoma tend to break down and 
release their fat so that a granulomatous reaction and fibro- 
sis may be elements in the lesion. 

The Eand^Schuller-CJiristian syndrome is an osseous type 
of xanthomatosis, the skull particularly being affected. It 
may occur in childhood or adult life. There is often a charac- 
teristic triad of symptoms; defects of membranous bones, 
exophthalmos, and diabetes insipidus. Blood cholesterol is 
not increased. The defects in bones are filled by yellow 
granulomatous material with many xanthoma cells containing 
cholesterol. Similar deposits in the pituitary region cause 
diabetes insipidus, and in the orbit lead to exophthalmos. 
The lung may be involved and become diffusely fibrosed. 
There is not much generalized storage in the retieulo-endo- 
thelial system. It is probable that Letterer-Siwe disease and 
eosinophilic granuloma are variants of this disease, or related 
conditions.’-'^' 
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CHAPTER XVn 

THE BLOOD AND BLOOD-FORMING ORGANS 

The conditions in which alteration in the constituents of 
the blood is the prominent feature are primarily diseases of 
blood-forming tissue, and especially of bone marrow.^ The 
changes in the blood, which are most easily studied clinically, 
are reflections of the basic defect in hematopoietic structure 
and function. The following is a simplified classification : 

I. Diseases involving red cells 

1. Deficiency of red cells and hemoglobin — anemia 

2. Excess of red cells — ^polycythemia 

II, Diseases involving white cells 

1. Deficiency of white cells — ^leucopenia and 
agranulocytosis 

2. Excess of white cells — ^leucocytosis and leucemia 

III. Hemorrhagic diseases 

DISEASES INVOLVING RED BLOOD CELLS 
Anemia 

In anemia there is a quantitative deficiency of hemoglobin 
and usually it is accompanied by a corresponding decrease 
in number of red blood cells. About 14.5 Gm. of hemoglobin 
per 100 c.c. of blood is the normal for an adult. Different 
types of anemia show varying degrees of dissociation be- 
tween the reduction of hemoglobin and of red cells. 

General Features op Anemia 

. Although anemias of particular types have certain patho- 
logic changes which are more or less characteristic, there are 
also features common to all severe anemias. These include 
pallor of skin, mucous membranes, fat and muscle, and fatty 
change in the heart and liver. In severe anemias, fatty de- 
generation of the myocardium is often of extreme degree, and 
especially prominent on the endocardial surface where thrush- 
breast markings may be seen (see p. 271). Atrophic changes 
frequently affect the mucosa of the alimentary canal. Small 
hemorrhages of skin, mucosal and serous surfaces are common 
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terminally. Bed blood cells show variations in size (aniso- 
cytosis), shape (poikilocytosis), and staining properties 
(polychromasia) . 

Classification of the Anemias 

An etiologic classification of the anemias is, in many cases, 
readily correlated mth morphologic and other changes in the 
red cells which can be determined by laboratory tests.^ It is 
also helpful as a guide to rational therapy. It is recognized, 
however, that not all anemias are as yet readily classifiable 
on this basis. 

I. Anemias resulting from defective blood formation, due 
to 

1. Deficiency 

A. Deficiency of iron (microcytic and hypo- 
chromic anemia) 

a. chlorosis 

b. idiopathic hypochromic anemia 

B. Deficiency of a specific hemopoietic principle 
(macrocjdiic and hyperchromie anemia) 

a. pernicious anemia 

b. sprue 

c. megaloeytic anemias of pregnancy, etc. 

2. Other factors 

A. Aplastic anemia 

B. Anemia of nephritis 

C. Anemias due to carcinomatosis of bone, and 
osteosclerosis (myelophthisic anemia) 

D. Anemias of thyroid deficiency (myxedema) 
and scurvy 

E. Sickle-cell anemia 

F. Erythroblastic anemias 

II. Anemias due to excessive blood loss 

1. Hemolytic anemias — excessive blood destruction 
within the circulation 

A. Acute and chronic hemolytic anemia (jaun- 
dice) 

a. congenital 

b. acquired 

2. Hemorrhage anemias — ^loss of blood from acute 
and chronic hemorrhages 
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^on-Deftdency Anemias. — When there is deficiency of 
iron supply, hemoglobin cannot be formed in sufficient 
quantity. Hence the red cells are hypochromic, or have a 
low concentration of hemoglobin, and tend to be of smaller 
size (microcytosis). Insufficient dietary intake of iron is most 
important in this t3T)e of anemia, but other factors such as 
failure of absorption or faulty metabolism of the iron may be 
at fault. 



Kg. 200. — PendciouB (macrocytic) aaemia, profile piintiiig of red 
celte. (Courtesy of Dr. W. P. Murphy, from Arch. Int. Med. 71: 814, 
1943.) 

Chlorosis is an anemia characterized by a faintly greenish 
pallor of the skin, and it responds remarkably to iron 
therapy. Barely encountered now, it is said formerly to 
have been very common among young women. 

Idiopathic hypochromic anemia is frequent among middle- 
aged women. There may be soreness and atrophy of the 
mucosa of the tongue, and achlorhydria is often present. 
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Dysphagia is a peeiiliar complication of some cases (Plnmmer- 
Vinson syndrome) . Iron therapy is effective. 

Pernicious Anemia. — ^Pernicious anemia (Addison’s 
anemia) was formerly referred to as a primary anemia. It 
is due to deficiency of an erythrocyte-maturing principle, 
formed by the combination of an extrinsic factor in the diet 
with an intrinsic factor supplied by gastric secretion. The 
liver acts as a storehouse of the maturation principle. In 
the absence of this substance the normal maturation of 
ei^hroblasts to normoblasts is interfered with, and large 
primitive red cells (megaloblasts) are formed, some of whi5i 
are passed into the blood stream along with other immature 
forms of red cells. The average size of the circulatory red 
cells is large (i.e., the anemia is macrocytic) and the cells are 
usually well filled with hemoglobin (hyperchromic) . Exces- 
sive hemolytic activity is present, as evident from an abundant 
hemosiderin deposit in the liver and spleen. 

The highest incidence is in middle life. Severe degrees of 
anemia develop, but temporary remissions are common. Sore- 
ness of the tongue, achlorhydria, and gastrointestinal disturb- 
ances are usually present. Eemarkable results follow liver 
therapy, which supplies the missing substance necessary for 
normal blood formation. A few cases are complicated by de- 
generative lesions in the dorsal and lateral columns of the 
spinal cord (subacute combined degeneration — see p. 703). 

In fatal cases the shin and fat may be noted to have a 
lemon-yellow tinge. Fatty degeneration is often prominent 
in the heart and may be evident also in the liver and kidneys. 
There is excessive hemosiderin deposit in the liver and spleen. 
The mucosa of the stomach is atrophic, particularly in the 
proximal two-thirds, with disappearance of oxyntic and peptic 
cells and replacement of the fundic type of glands by less 
differentiated abnormal glands. The pyloric portion may 
be altered only slightly (see p, 469). Atrophic changes also 
affect the epithelium of the tongue. 

The hematopoietic tissue of the bones is hyperplastic, and a 
deep red marrow is found in the long bones which normally 
harbor a yellow fatty marrow. The hyperactive marrow is 
composed almost entirely of erythroblastic tissue. 

In sprue and celiac disease (steatorrhea) there is a failure 
of gastric digestion. Macrocytic anemia is often present, pre- 
sumably due to failure of formation or absorption of the 
erythrocyte maturing principle. Involvement of the gastro- 
intestinad tract in other ways is followed at times by macro- 
cs^tic anemia, e.g., in carcinoma of the stomach and Dibothrio- 
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cephaliis latus infection. Some of the anemias which com- 
plicate pregnancy are of a similar macroc3^ic type, but their 
origin is more obscure. 

Aplastic Anemia.— In aplastic anemia there is a failure 
of maturation of blood-forming cells at an early undif- 
ferentiated stage. An extreme degree of anemia results, in 
which evidence of regenerative activity of the blood is lack- 
ing and the red cells present are of approximately normal 
size, shape, and staining (normocytic, normochromic). 



Pig. SOI. — ^Hypochroznio anenua, profile printing. (Courtesy of Dr. 
W. P. Murphy, from Arch. Int. Med, 71; 814, 1943.) 


Leucocytes are also depressed. The condition is rapidly 
progressive and fatal, with hemorrhagic and purpuric 
phenomena prominent in late stages. The causation is 
usually unknown, but in some cases chemical poisons such as 
benzol and trinitrotoluene act as the specific marrow de- 
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pressant. The greatest incidence is in women during the 
ages of adolescence or early adult life. 

The post-mortem findings are those of a severe anemia, such 
as fatty change of the heart and petechial hemorrhages of 
serous surfaces. The changes actually found in the bone 
marrow are variable.® The normally red marrow may be 
aplastic, appearing yellow and fatty. In other oases, how- 
ever, the marrow is active or even hyperplastic, but it ex- 
hibits failure of maturation of the hemopoietic cells at an 
early stage. 

Anemia of Nephritis . — A hypochromic anemia is a com- 
mon accompaniment of nephritis, sepsis, and other infective 
conditions. It is apparently due to some toxic effect on the 
bone marrow and responds poorly to treatment unless the 
causative factor is removed. 

Myelophthisic Anemia. — ^This t^^e of anemia is due to 
replacement of the blood-forming tissue of the bone marrow. 
Widespread tumor growth replacing marrow tissue may act 
in this way, as a result of multiple mydoma (see p. 664) or 
metastatic carcinoma from the breast, th^oid, prostate, 
kidney, etc. A sknilar effect is observed in osteosclerotic 
bone disease in which overgrowth of dense bone encroaches 
on the marrow (see p. 648). 

The anemias of myxedema and scurvy are usually hypo- 
chromic. There is evidence that adequate thyroxin and 
vitamin C are necessary for normal blood formation. 

SicMe-Cell Anemia. — mendelian-domin ant hereditary 
peculiarity of red cells is found in about 8 per cent of Negroes. 
This peculiarity, referred to as sicklrania or the sickle cell 
trait, is the tendency to assume bizarre shapes when exposed 
to low oxygen tension, many of the cells becoming elongated, 
pointed, and sickle dxaped. A small proportion (1 in 40) 
of Negroes with the trait develop sickle-edl anemia. A greater 
lowering of the oxygen tension is necessary to produce sickling 
in sicklemia than in sickle-cell anemia. The sicklipg c^ be 
observed in blood preserved in s^ed moist slide preparations, 
or in tissues fixed in formalin or Zenker’s solution. Si<Med 
cells are found in high percent^es in the venous circulation 
in sickle-cell anemia, but not in the peripheral eireulatioD* 
of individuals with sickle cell trait alone. The anemia is at 
least partially hemol 3 rtic in type, and there are signs of red 
cell destruction, as well as of increased regenerative activity 
on the part of the bone marrow. 

Pathologic features of mckle-cell anemia* include the mckled 
erythrocytes, and thrombi in small vessels, with development 
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of areas of infarction and fibrosis. Thrombi in cerebral 
vessels may lead to infarction of the brain. Hemosiderin 
deposits are found in the spleen, liver, bone marro-w, lymph 
nodes, and kidney. The bone marrow is hyperplastic, its 
activity being evident from the regenerative blood picture. 
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!Fig. 203. — ^The spleen in sickle-cell anexma. Upper: The early stage, 
with a ring of hemorrhage around a Malpighian body. Lower: The 
late stage, with fibrosis and, incrustation with pigment (siderofibrosis). 
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posits and the formation of siderofibrotic nodules (Gandy- 
Ganma bodies — see p. 417). Fibrotic atrophy of the spleen 
may progress to an extreme degree.*’ ® 

Erythroblastosis Fetalis. — ^Erythroblastosis is a congenital 
disturbance of blood formation, in which immature red cells 
are present in the circulation in excessive number. There 
may be an accompanying excessive hemolysis, and extramed- 
ullary hemopoiesis (particularly in spleen and liver) is 
often present. Some eases have marked edema and as- 
cites (hydrops fetalis), while intense and persistent jaun- 
dice is prominent in others (icterus gravis neonatorum. The 
basal ganglia of the brain may show bile pigmentation 
(kemicterus). Fatty change or even more severe degenera- 
tion is sometimes present in the liver. 

The Rh factor has recently been suggested to have a role 
in the pathogenesis of erythroblastosis. About 15 per cent 
of individuals are said to lack the Rh factor in their blood. 
The child of an Rh-negative mother and an Rh-positive 
father tends to inherit the dominant Rh factor. In this case 
the fetus may cause the production of anti-Rh agglutinins 
in the maternal blood, which in turn penetrate the placental 
barrier and cause destruction of fetal red cells. Macklin® has 
emphasized the significance of the demonstration of stored 
iron in the infant’s liver by the Prussian blue technique, in- 
dicating excessive blood destruction, m the confirmation of 
Rh incompatibility. 

For a similar reason, Rh-negative mothers pe apt to suf- 
fer serious hemolytic reactions if transfused with Rh-positive 
blood.«’ ** 

Cooley’s anemia is another type of erythroblastic anemia 
which has a familial occurrence among Mediterranean races. 
The bone marrow is hyperplastic, and in the thickened skull 
trabeculations are prominent on x-ray examination. 

Hemolytic Anemias. — ^The hemolytic anemias are those in 
which excessive destruction of red cells in the circulation is 
the main feature. Pernicious and sickle-ceU anemias also 
have excessive red cell destruction but are not considered 
here as primarily hemolytic anemias because of their other 
important characters. 

Hemolytic anemia (hemolytic icterus, acholuric jaundice) 
occurs in congenital and acquired forms. The congenital 
form is of familial occurrence, becomes manifest at an earlier 
age, and tends to be milder than the acquired form. The red 
cells are rounded, forming biconvex discs (spheroeytes) and 
are excessively fragile. Their fragility is demonstrated by 
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their decreased resistance to hypotonic saline solutions. In 
such solutions laking begins at a concentration of about 0.7 
per cent and is complete at 0.46 per cent (corresponding 
normal figures are 0.44 per cent and 0.35 per cent). The 
spherocytosis has been regarded as a congenital abnormality 
in the form of the red cells which rendered them less resistant. 



Fig. 204. — ^Hemolytic anemia. Profile printing of red blood cells 
showing spherocytosis. (Courtesy of Dr. W. P. Mnrphy, from Arch. 
Int. Med. 71: 814, 1943.) 


Later evidence has indicated that spherocytosis (and in- 
creased fragility) may be present in acquired hemolytic 
anemias also, the changed form being due to the action of a 
lytic agent on mature red ceUs.^ Hemolysins may be demon- 
strable in the acquired fonp. Jaundice results from the ex- 
cessive bilirubin production, and when the hemolytic action 
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is violent, there may be hemoglobinuria also. Pigment stones 
often form in the gall bladder. Extreme normoblastic hyper- 
plasia of the bone marrow occurs in an attempt to replace the 
destroyed red cells, and numerous reticulocytes in the circulat- 
ing blood reflect this regenerative activity. 

The spleen shows the changes of greatest interest, being 
markedly enlarged, with distention and congestion of the pulp 
sinuses. Excess pigment deposit and even siderofibrotic 
nodules may be present. Histiocytic proliferation, with 
phagocs^osis of red cells and giant-cell formation, is ob- 
served in certain cases. Multiple areas of thrombosis and in- 
farction also may be present. Splenectomy is usually fol- 
lowed by prompt clinical recovery, apparently due to removal 
of the major mechanism of destruction of the fragile red 
cells. The fragflity of the red cells is not corrected, however. 

iinemias Due to Hemorrh^e. — ^Loss of blood is one of the 
commonest causes of anemia. The loss may be acute and 
severe, or repeated mild hemorrhages. The anemia is hypo- 
chromic in type and may be of severe grade. 

Polyi^themia 

Polycythemia is an increase in number of red blood cells. 
Counts of 7 to 10 million red cells per cubic millimeter of 
blood may occur. The cases can be divided into two groups ; 
(1) a mild type, eryt^Cytosis, secondary to or compensa- 
tory for various conditions in which there is poor oxygena- 
tion, such as in congenital heart disease of certain types, 
pulmonary arteriosclerosis (Ayerza’s disease), high alti- 
tudes, etc. (2) Erythremia (polycythemia rubra, Vaquez- 
Osler disease) in which the polycythemia is more pro- 
nounced, and of unknown etiology or not obviously second- 
ary to a condition of poor oxygenation. 

Polycythemia rubra usually appears in middle life. It 
is frequently considered as a neoplastic change of erythro- 
poietic cells, comparable to a leueemia. Some evidence 
suggests that it may be due to local anoxemia in the bone 
marrow itself as a result of arteriosclerotic or inflammatory 
changes in skeletal vessels, vrith excessive erythrogenesis as 
misdirected overcompensation.® The increase of red cells 
is due to overproduction, rather than to any greater longev- 
ity or decreased destruction of the cells. 

The main pathologic finding is engorgement and hyper- 
plasia of bone marrow. The liver and spleen are enlarged 
and hyperemic. Engorgement of vessels is widespread; 
hemorrhages and thromboses are common. 
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DISEASES INVOLVma WHITE BLOOD CELLS 
Agranuloc 3 rtosis 

Agranulocytosis is a depression of leucocyte formation, 
mth an extreme decrease in the number of white cells in 
the blood. It is frequently associated with severe infec- 
tion, and necrosing ulceration of the mucosa of the mouth 
and pharynx (agranulocytic angina). Absence of severe 
anemia distinguishes agranuloc^osis from aplastic anemia, 
and absence of thrombocytopenia distinguishes it from aleu- 
cemia. Most cases are caused by hypersensitivity to the toxic 
effects of certain drugs, amidopyrine being the most frequent 
and serious offender. Other eases are caused by dinitro- 
phenol, arsphenamine, thiouraeil, and sulfonamides. The 
findings in the bone marrow are variable. While usually 
aplastic, in some cases the marrow appears normal or even 
hyperplastic. 

Primary Splenic Neutropenia. — A condition in which there 
appears to be excessive destruction of neutrophilic leucocytes 
by the spleen has been termed primary splenic neutro- 
penia.*’ In addition to the decrease of granular leuco- 
cytes in the peripheral blood, there is splenomegaly and 
myeloid hyperplasia of the bone marrow. Splenectomy is 
curative. Examination of the spleen shows many neutrophiles 
being phagoe 3 d;ized by macrophages. 

Leucemia 

Leucemia is a condition of lawless overgrowth of white 
blood cells and proceeds to a fatal ending. It is probably 
best regarded as a neoplastic change in blood-forming tis- 
sue, in most cases accompanied by flooding of the blood 
and tissues with the excess of white cells, many of which 
are immature or abnormal forms. Those unusual cases in 
which excessive or abnormal white cells are not found in the 
blood are referred to as aleucemic leucemia. The aleucemic 
condition may be but a transient phase in the course of the 
disease, but in rare cases is present from beginning to end. 

The bone marrow, considered as a blood-forming organ, is 
large and labile in activity, in the adult comprising about 
1,400 C.C., almost the size of the liver. Only a small propoiv 
tion of this organ, represented by red marrow, normally is 
active in blood production. The rmaining latent yellow or 
fatty marrow is replaced by active red marrow when there 
is greater demand for blood cells. In leucemias the entire 
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marrow may be activated into grayish red, densely cellular, 
leucocyte-forming tissue. Crowding out of erythroblastic 
tissue results in anemia. Two substances have been extracted 
from the urine of patients with leueemia, one of which stimu- 
lates proliferation (but not maturation) of myeloid cells, 
and the other promotes proliferation of lymphoid cells with- 
out maturation.’^' 

According to the type of white cell involved, the leuee- 
mias are classed as myeloid, lymphatic, and monocytic. 
Each of these may be acute or chronic, but the acute types 
are difficult to distinguish from each other. There is a dif- 
ferent age incidence for the various t 3 T)es. Acute leueemia 
has its maximum incidence in the first decade, chronic 
myeloid leueemia between 25 and 45 years, and chronic 
lymphoid leueemia between 45 and 60 years. The mono- 
cytic type tends to occur more frequently in middle or 
older age periods. 

Acute Leueemia. — ^Aeute leueemia may begin suddenly 
and runs a rapid course of a few weeks or months. Early 
stages may be aleueemie, but later the white blood count 
becomes very high, though less than the extreme figures 
of chronic leueemia. Anemia and thrombocytopenia are 
often severe. The majority of white cells in the blood are 
myeloblasts or lymphoblasts, distinction between these 
primitive cells being difiScult and unreliable. At autopsy 
the bone marrow is everywhere hyperplastic and packed 
with the same primitive white ceUs. The spleen, lymph 
nodes, and tonsils are usually moderately enlarged, and 
their sinuses are filled by the leucemic cells. The same 
cells may be found infiltrating the liver, heart, kidneys, and 
other viscera. 

Chronic Myeloid Leueemia. — ^In the myelogenous type of 
leueemia there is a great increase in granular leucocytes in 
the blood, and many immature cells (mydocytes and myelo- 
blasts) are recognizable in blood smears. The total white 
count may become very high, reaching 500,000 or more per 
cubic millimeter in some cases. Platelets also may be in- 
creased, but red cells progressively diminish in number. The 
course of the disease may extend over several years before 
the inevitably fatal end. 

The essential lesion is a myeloid hyperplasia throughout 
the bone marrow, including the marrow of long bones which 
normally is yellow and fatty. The marrow tissue is gra 3 rish 
brown and fairly firm. Myelocytes are predominant micro- 
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scopically, but granular leucocytes in all stages of develop- 
ment are present. The spleen becomes enormously enlarged, 
dark red, and firm. Masses of myeloid cells replace the 
lymphoid tissues and oliscure the usual splenic architecture. 



The liver is also considerably enlarged and is infiltrated by 
myeloid cells. Similar but milder myeloid infiltration is 
found in the kidneys, heart, and other viscera. The un- 
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usual numbers of leucocytes in the lumina of blood vessels 
may be noted in any organ or tissue. Lympb nodes are but 
slightly enlarged. 

Chronic Ljncnphatic Leucemia. — ^The white count is lower 
in lymphatic leucemia than in the myeloid type. It is usu- 
ally below 100,000, and often 90 per cent or more are 
lymphoid cells. Eed eeU reduction and anemia occur in 
late stages, but to a lesser degree than in myeloid leucemia. 



Fig, 206. — ^Leucemic injBltration of the liver. 

The lymph nodes aU over the body are enlarged, and their 
normal microscopic architecture is replaced by a diffuse 
mass of lymphoid cells. Other lymphoid tissue as in the 
tonsils, thymus, intestme, etc., is similarly affected. The 
spleen is moderately enlarged by lymphoid hyperplasia, but 
not to the extreme degree characteristic of myeloid leu- 
eemia. Lymphoid accumulation is found also in the liver, 
kidneys, skin, etc. The bone marrow is hyperplastic through- 
out, firm, grayish red, and similar grossly to the marrow 
of myeloid leucenaia. Except in early stages, the hyper- 
plastic marrow is composed largely of lymphoid cells. 

Monocytic Leucemia. — ^The leucemias in which mature 
and immature monocytes are prominent in the blood are 
referred to as monocytic. Two varieties are often in- 
cluded. The Naegeli type is characterized by immature 
cells intermediate between myeloblasts and monocytes and 
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is probably a variety of myeloid leucemia. In the Schilling 
type the immature cells resemble monocytes and reticulo- 
endothelial cells. In this latter variety there is hyperplasia 
throughout the reticulo-endothelial system, and to such 
cases the term leucemic reticnlo-endotheliosis has been ap- 
plied (see page 420). 

Monocytic leucemia tends to run a rather acute course, 
often with swelling and hemorrhages of the oral mucosa. 
Skin lesions are more frequent than in the other types of 
leucemia. 

Leucosarcoma. — localized tumor composed of either 
lymphocytic or myelogenous cells, with the development of 
a leucemic blood picture, is referred to as a leucosarcoma. 

Chloroma. — ^Rare cases of myeloid leucemia, of rather 
acute type and in children or young adults, have associated 
tumor masses of a pale greenish color referred to as chlo- 
roma. The greenish color fades rapidly on exposure to air. 
The tumor masses are found in close relationship to the 
periosteum of the bones of the face, ribs, sternum, or verte- 
bra, and less commonly in viscera. Microscopically, chlo- 
roma is composed of myeloblastic cells. 

HEMORRHAaiC DISEASES 

The classical theory of blood coagulation may be ex- 
pressed as two equations: 

prothrombin + thromboplastie + calcium = thrombin 
fibrinogen + thrombin = fibrin 

This clotting mechanism may be disturbed by (1) dimin- 
ished prothrombin, (2) delayed liberation of thromboplastin, 
(3) absence of fibrinogen, and (4) the presence of anti- 
thrombin (heparin) in the blood. The following classifica- 
tion of hemorrhagic diseases, based on the above mechanism, 
is a modification of that proposed by Quick.^’'» 

I. Diminished prothrombin, due to 

A. Lack of vitamin K 

1. dietary origin — ^hemorrhagic disease of the new- 

born 

2. faulty absorption — ^lack of bile salts 

— obstructive jaundice 
— ^biliary fistula 
— sprue 

B. Liver damage — ^faulty utilization of vitamin K 

— acute yellow atrophy 
— chloroform poisoning 
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n. Deficiency of thromboplastin 

A. Diminished number of platelets 

— ^thrombocytopenic purpura (vascular dysfunction 
predominates) 

B. Increased resistance of platelets 
— ^hemophilia 

m. Decreased fibrinogen 

A. Acquired 

1. nutritional deficiencies 

2. diseases of blood-forming organs 

3. severe liver damage 

4. snake bites (certain types) 

B. congenital 

IV. Anticoagu^nts in the blood 

A. liberation of heparin into the blood 

1. anaphylactic shock 

2. peptone shock 

Purpura 

Purpura is the condition of petechial and ecchymotic 
hemorrhages in the skin and mucous membranes. Symp- 
tomatic purpura occurs in various conditions, such as leu- 
cemia, severe anemia, severe infections such as smallpox, 
streptococcal septicemia, etc. One type of purpura, how- 
ever, appears to be a disease entity. It is associated with a 
'decrease in the number of blood platelets (thrombocyto- 
penia) . 

Thrombocytopenic Purpura. — ^Thrombocytopenic purpura 
(purpura hemorrhagica, Werlhof’s disease) has not oifiy a 
deficiency of platelets, but also some weakness or dysfunc- 
tion of the walls of small blood vessels. Spontaneous hem- 
orrhages occur into skin, mucous membranes, joints, and 
intestinal tract. It occurs chiefly in children and young 
adults. 

The bone marrow is of normal, appearance and contains 
a normal proportion of megakaryocytes. It has been sug- 
gested that the platelet deficiency is due to thrombocytolysis 
rather than to deficient formation.” Megakaryocytes may 
be found in the sinuses of the spleen and liver. The spleen 
also shows enlarged and hyperactive germinal centers. 

Hemophilia 

Hemophilia is an inherited abnormality of the blood, 
transmitted as a sex-linked recessive mendelian factor, and 
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appearing only in males. The coagulation time of the blood 
is prolonged, but the bleeding time, clot retraction, pro- 
thrombin concentration, and tourniquet test are normal.^^ 
Severe and prolonged hemorrhages follow trivial injuries. 

It has been suggested that there is some qualitative ab- 
normality of the platelets, which are excessively resistant 
and hence fail to release thromboplastin. 

Favism 

Favism is a sudden hemolytic attack, followed by hemo- 
globinuria and jaundice, due to ingestion of the seeds or 
inhalation of materials from the flowers of Vicia faba 
(broad bean).^° 
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CHAPTER XVIII 

THE MOUTH, THROAT, AND NECK 

The skin of the face and neck is subject to most of the 
diseases which involve skin elsewhere (see Chap. XXllI). 
The face is a common site for carcinoma. Carcinomas of 
the upper half of the face are usually of basal cell type, 
whereas squamous carcinoma is more apt to be found on 
the lower part of the face. The face and neck are common 
sites for malignant melanoma, often as a transformation 
of a benign nevus due to irritation from shaving or rubbing 
by a collar. 

Mouth 

Congenital Malformations. — The most important develop- 
mental abnormalities are cleft lip (harelip) and deft 
palate. Clefts occur at places where embryonic processes 
which should join have failed to unite during embryonic 
development. In harelip there is failure of vision of the 
processus globularis and the maxillary process on one or 
both sides, the cleft being slightly to one side of the mid- 
line. Cleft palate may be present with or without associ- 
ated harelip. Hereditary influence is important. 

Inflammations. — ^Inflammation in the mouth (stomatitis) 
may be a local condition or part of a generalized disease. 
In scarlet fever one sees hyperemia and reddening of the 
mucosa of the mouth and tongue. In measles, Koplik's spots 
are an early sign. They are small yellowish spots on a red 
background seen on the mucosal surface of the cheeks in 
the upper molar region. Mercurial or arsenical compounds 
may cause ulcerative stomatitis. Vincent's organisms, a 
spirochete and fusiform bacillus, cause ulcerative and mem- 
branous inflammations of the gums as well as in the ton- 
sillar and pharyngeal regions. Severe ulcerative inflam- 
mations of the mouth or pharynx often complicate agranu- 
locytosis. In leucemias, infiltration of the gingiva is com- 
mon, with hemorrhage and ulceration. Debilitated infants 
and children particularly are subject to thrush, a local mem- 
branous lesion of the mouth due to Monilia albicans. Noma 
is a progressive gangrenous ulcerative condition, which may 
lead to perforation of the cheeks. 

In leucoplakia of the mouth there are irregular whitish 
areas on the mucosa of the lips, cheeks, tongue, or elsewhere. 
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The squamous epithelium has been thickened and keratin- 
ized, there is acanthosis or thickening of the prickle cell 
layer, and subepithelial layers contain ehronie inflammatory 
cells. In some cases leucoplakia precedes the development 
of squamous carcinoma. 

Syphilis may be represented by lesions of the lips or 
mouth in either primary or secondary stages (see p. 133). 
Tuberculous lesions of the mouth are uncommon. 

Tumors. — Cancer of the mouth is in most cases squamous 
carcinoma. It may arise from the lip or any area of the oral 
mucosa, but in more than half of the intraoral cases it in- 
volves the tongue. 

Carcinoma op the Lip. — Cancer of the lip is common, par- 
ticularly in mdes. About 95 per cent occur on the lower 
lip, at the mucocutaneous junction, and almost all are of 
the squamous cell type. The infrequent carcinomas of 
the upper lip are more often of basal cell type and show 
no marked difference in sexual incidence. Trauma and 
dironie irritation due to jagged or carious teeth, pipe smok- 
ing, etc., are believed to be contributing causes. Lesions 
such as keratoses, leucoplakia, and chronic fissures may 
precede the development of actual cancer. The greatest 
incidence is in the fifth and sixth decades of life.*’ * 

The early cancer may be a small nodule, warty excres- 
cence, or chronic fissure. It develops into a painless ulcer 
which grows slowly. It is to be distinguished from a syph- 
ilitic chancre of the lip, which is less well defined and shows 
evidence of infiammation. Biopsy and microscopic diagnosis 
are essential in most cases. Gra^g according to Broders’* 
method (see p. 204) is helpful in prognosis and treatment. 

Metastasis occurs to lymph nodes of the submental and 
submaxillary groups, and from there to the jugular chain 
of lymph nodes. More distant metastasis is rare. Exten- 
sion to Ijmph nodes occurs earlier in the forms with micro- 
scopic evidence of high malignancy. 

CARCiNOia OB' THE ToNGUE. — Cancer of the tongue is more 
common in men and has its greatest incidence in the fifth 
and sixth decad^. Its most frequent site is the edge of the 
tongue in the middle third. Chronic irritations and leuco- 
plakia may be contributing etiologic factors, as in otter 
cancers of the mouth. The most usual form is a small ulcer 
or fissure, but papillary or fungating lesions also occur. 
The tumors are squamous carcinomas of varying grades of 
differentiation. Metastasis occurs most frequently to upper 
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deep cervical l3nnph nodes adjacent to tlie bifurcation of 
the common carotid artery. Extension to other groups of 
nodes and metastasis to other tissues tend to be more wide- 
spread than in carcinoma of the lip.* 

Epulis. — The term epulis is rather loosely used to in- 
dicate any benign connective tissue tumor of the gums. 
There are two main histolcgic forms, (1) giant-cell epulis, 
in which giant cells and blood vessels are prominent, and (2) 
fibromatous epulis, in which connective tissue is predom- 
inant. The giant ceU form is similar histologically to the 
benign giant-cell tumors found elsewhere (see p. 662). The 
variable histologic form may simply represent stages in the 
development of an epulis. Epulis is often preceded by lo- 
cal mechanical injury to the place of origin or may grow 
in the socket of an extracted tooth. The tumors are benign 
and do not metastasize, but they may recur if incompletely 
removed.® 



Fig. 207. — Epulis of gum. (Courtesy Dr. H. 0. Schmeisser.) 


Tumors of the Jaws 

The various tumors which occur in other bones may also 
be found in the bones of the jaws (see p. 659). In addition 
a group of tumors arise from epithelial or mesoblastic tis- 
sues of developing teeth. A simple classification of these 
includes (1) dentigerous cysts, (2) odontomas, and (3) 
ameloblastomas (adamantinomas). 

Dentigerous cysts are benign cystic structures in the 
jaws, lined by epithelium, and containing one or more im- 
perfectly developed teeth. Bauer® has demonstrated that 
trauma may be important in development of a cyst about 
an unerupted tooth, l^dicular cysts, formed by chronic in- 
flammation at the opeimg of the pulp canal, are lined by a 
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squamous epithelium derived from epithelial rests of Malassez 
in the periodontal membrane. 

Odontomas are the result of disturbances of tooth develop- 
ment that may lead to an atypical growth of enamel, dentine, 
cementum, or of all three hard substances. Odontomas grow 
slowly and are surrounded by a capsule. The rare soft 
odontoma is formed either from the dentinal papilla or perio- 
dontal membrane. 










Kg. 208. — Adamantinoma of jaw. (Courtesy Dr. H. C. Schmeisser.) 


Ameloblastomas (adamantinomas) are epithelial tumors 
arising from cells with a potentiality for forming the 
enamel organ. Their histologic structure resembles certain 
developmental stages of the enamel organ. They are com- 
posed of irregular masses of epithelial cells divided by a 
connective tissue stroma. The epithelial masses are out- 
lined by a palisade of dark-staining columnar epithelial 
cells. In rare instances some keratinization occurs. Cyst 
formation is common within the epithelial masses, so that 
solid, cystic, and combined forms occur.^ 

The tumor is most common in the mandible and usually 
appears before the age of 35. "While ordinarily it does not 
metastasize, irregular local extension occurs, and the tumor 
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will recur unless removal is complete. A few malignant 
forms with metastasis have been reported.® 

Adamantinomas, histologically identical with those of the 
mandible, arise in the pituitary region (craniopharyngioma, 
see p. 521) and in the tibia. 

Pharynx 

laflaininatioiis. — ^Pharyngitis is commonly due to strepto- 
coccal infection, though diphtheria and Vincent's organisms 
also cause characteristic pharyngeal inflammations. The 
tonsils are most frequently involved and are swollen and 
reddened, with exudate on the surface and in tonsillar 
crypts. When the crypts are prominently distended with 
pus, it is often termed “follicular tonsillitis." Epidemic 
tonsillitis is sometimes a milk-borne streptococcal infection. 
Quinsy is a peritonsillar abscess which may complicate acute 
tonsillitis. Ludwig's angina is a diffuse cellulitis or spread 
of the infection to involve structures' of the neck. 

Tumors. — ^Highly malignant tumors occur in the pharynx, 
arising most commonly from the posterior wall of the naso- 
pharynx or from the tonsil. They are characterized by an 
earlier age incidence than malignancies in general, by pre- 
dominance in the male and by a tendency to early metastasis 
to the lymph nodes of the neck, to the orbit, or to the cranial 
cavity. Metastasis may appear before the primary growth 
is noted. As a group, they are highly radiosensitive tumors. 
This factor, plus their surgical inaccessibility, makes radia- 
tion the usual form of treatment.® 

Most of these tumors can be classified as (1) squamous-eeU 
carcinoma, (2) transitional cell carcinoma, (3) lympho- 
epithelioma, and (4) lymphosarcoma. 

Squamous-cell carcinoma forms a coarsely granular ele- 
vated tumor with an indurated border and ulcerated sur- 
face. Its histologic appearance is similar to that of squa- 
mous carcinoma elsewhere, with evidence of keratinization. 

Transitional ceU cs^cinoma is an epidermoid cancer in 
which keratinization is absent. It forms a smaller, flatter 
lesion than does the squamous type, with a finely granular 
surface. Histologically, the tumor is composed of small 
uniform cells having large hyperchromatic nuclei and scanty 
cytoplasm. The cells are more undifferentiated than those 
of the squamous variety. 

Lympho-epithelioma, described by Regaud and Schmincke, 
is a tumor in which wide sheets and cords of undifferenti- 
ated malignant epithelial cells are intimately associated with 
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lymphoid tissue or infiltrated with lymphocytes. Many 
feel that this is not a distinct type of tumor, but that its 
representatives are more properly classified as transitional 
cell carcinomas and reticulum cell sarcomas.^® 

Lymphosarcoma may occur in a localized form or as part 
of a generalized lymphomatosis. 

Nasojphar^geal fibroma is an imcommon tumor develop- 
ing mainly in boys at or near the age of puberty, and tending 
to undergo spontaneous regression by about 25 years of age. 
It appears to arise from periosteum of bone of the vault or 
posterior wall of the nasopharynx. The hard tumor is com- 
posed of dense but highly vascular connective tissue.^^ 

Salivary Glands 

Disturbances of the salivary glands include inflammations 
of the parotid, duet obstruction (usually due to calculi), 
and tumors. 



Fig. 210. — Mixed tumor of parotid gland. 


Inflammation. — ^Acute parotitis occurs in the epidemic 
virus disease mtimps (see p. 125), and, due to staphylococcal 
infection, is an occasion^ complication following surgical 
operations. 

llitikalicz’s syndrome, is a bilateral enlargement of the 
parotid glands, sometimes with involvement of other sal- 
ivary glands and lacrimal glands. It may be of inflam- 
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matory origin (tuberculosis, sarcoid, etc.), or be due to leu- 
eemic infiltration or to Hodgkin’s disease. 

Bauula is a cyst in the floor of the mouth, from a sub- 
lingual gland or the submaxillary duct. 

Uveoparotid fever (Heerfordt’s syndrome) is a granu- 
lomatous involvement of the parotid glands and uveal tract 
(iris, ciliary body). It appears to be a form of sarcoidosis 
(see p. 640). 



Pig. 211. — OaTotid body tumor. 

Salivary CHand Tumors. — variety of tumors, including 
true adenomas and oncocytomas, occur in the salivary glands, 
but the only common type is the mixed tumor. This usu- 
ally involves a parotid gland, less commonly a submaxillary 
gland or other oral site, and only rarely the sublingual 
glands. It may develop at any age, the highest incidence 
being in early adult life. The origin is uncertain. Currently 
popular are theories that it arises from (1) embryologieaUy 
misplaced tissue, (2) branchial cleft tissue, and (3) salivary 
gland epithelium.^®’ 

Most of the mixed tumors are benign, but irregular local 
extension may occur through their capsule. Complete re- 
moval is often difficult and recurrence is a common event. 
If maMgnant change and metastases develop, it is usually 
only one element of the mixed tumor which forms the sec- 
ondary growths. Lungs, pleura, liver, lymph nodes, and 
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bones are the common sites of metastasis. One of the serious 
complications of removal of the parotid tumor is injury to 
the facial nerve. 

Mixed tumors are small, round or oval, encapsulated 
nodules in the parotid region. They often grow very slowly 
and may be present for years with few symptoms. Their 
consistency is rubbery, and the tumor is movable until the 
capsule has been invaded. 

The histologic picture is complex and variable. Neoplastic 
cells in these tumors may be secreting epithelial cells, or myo- 
epithelial (“basket”) cells, or both. Both t3^es of cells 
are normally found in salivary glands.^® There are usu- 
ally irregular masses or anastomosing strands of epithelial 
cells surrounded by connective tissue. The connective tissue 
portion is often myxomatous in appearance, but may be 
fibrous or cellular. Myxomatous transformation of the epithe- 
lial elements has been described. Areas of true cartilage or 
bone formed by metaplasia, and “pseudocartilage,” a myxom- 
atous degeneration of the stroma due to secretion of epithe- 
lial tumors cells, are common. 

Carcinoma of salivary gland origin is most frequently 
an adenocarcinoma. It spreads by local invasion, and by 
metastasis to local Ijrmph nodes and distal organs. 

Papillary cystadenoma lymphomatosum is a benign, en- 
capsulated cystic tumor occurring in or attached to the 
parotid gland. Microscopically, it is composed of papillary, 
tubular, or cystic epithelial structures set in a lymphoid 
stroma. Although the origin is debatable, most evidence 
su^ests that it is from heterotopic salivary gland tissue in 
lymph nodes.^®' 


Carotid Body Tumors 

The rare tumors of the carotid body are found at the 
upper end of the common carotid artery in close relation- 
ship to the point of bifurcation. They are slowly growing 
tumors, which remain encapsulated until a late stage, but 
are potentially malignant.^® The carotid bodies being part 
of the chromaffin system, the tumors are chromaffinomas or 
paragangliomas, rather similar to the corresponding tumor 
of the adrenal medulla. Microscopically, they are composed 
of groups of epithelial cells with poorly defined boundaries, 
closely associated with a vascular fibrous stroma. Some of 
the tumors are more sarcomatous in appearance.^® 
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Cysts of the Neds: 

C^sts of the neck, arising from vestigial rests, may be of 
thyroglossal duct origin (midline) or branchiogenie origin 
(lateral). The thyroglossal cysts occur anywhere between 
the base of the tongue and the thyroid. They are sonooth- 
walled cysts, lined by columnar or flattened epithelixun. 
Branchial cleft cysts most frequently appear near the angle 
of the jaw. The cyst lining is squamous epithelium, and 
lymphoid tissue is abundant in the wall. Cystic hygroma 
is a lymphangiomatous cyst of the neck, usually of con- 
genital origin, (see p. 243 and Fig. 92) . 
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CHAPTER XIX 

THE GASTROINTESTINAL TRACT 

Though divided into the anatomic regions of esophagus, 
stomach, duodenum, small and large bowel, etc., all portions 
of the alimentary canal consist of a hollow tube lined by 
secretory mucosa and with a muscular wall having peristal- 
tic or sphincteric actions controlled by nervous influences. 
The same types of disease processes occur in each and fol- 
low the same general rules, but vary in their relative fre- 
quency and importance in the different portions. These 
types are: (1) congenital malformations; (2) diverticula; 
(3) inflammations and ulcerations; (4) obstructions of the 
lumen, acute and chronic, and (5) tumors. Table XII out- 
lines the main lesions of the alimentary canal. 

ESOPHAGUS 

Congenital atresia of the esophagus is the only develop- 
mental abnormality which is common. In most cases there 
is an associated tracheo-esophageal fistula. 

Diverticula may be of the pulsion type, pressure within 
the esophagus forcing the wall outward at a weak point, or 
may be due to traction caused by inflammatory adhesions to 
surrounding structures. The pulsion type is more common 
and usually involves the posterior wall at the upper end of 
the esophagus. The traction type is usually anterior and at 
about the level of the tracheal bifurcation. Adhesions to 
tuberculous mediastinal lymph nodes are the usual initiat- 
ing factor. 

Stenosis of the esophagus may be caused by the swallow- 
ing of corrosive chemicals, such as lye. The resulting dense 
fibrous tissue repair causes such stricture of the lumen 
as to make impossible the swallowing of solids, and eventu- 
ally even liquids. Tumors of the esophagus also obstruct 
the lumen and give rise to dyspha^a. Pressure on the 
esophagus from without, as by a mediastinal or pulmonary 
tumor, enlarged lymph nodes, or aortic aneurysm, produces 
variable degrees of esophageal obstruction. 

Cardiospasm or functional stricture of the lower end of 
the esophagus is due to spasm of the cardiac sphincter. It 
appears to result from neurogenic imbalance of sphincteric 
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Table 


Lesions of the 



esophagus 

STOMACH 

DUODENUM 

Congeiutal 

n^fonua' 

tions 

Atresia 

pyloric stenosis due to 
hypertrophy and 
spasm of muscle of 
pylorus 

Bare 

Diverticula 

Pulsion type — ^pressure 
from within bulging 
at weak point. At 
upper end. 

Traction type — due to 
pull of inflammatory 
adhesions. Usually at 
level of tracheal bi- 
furcation 

Uncommon 

Fairly common 

Inflammatioiis 
and ulceia' 
tions 

Relatively unimportant. 
Follows swallowing 
of corrosive chemi- 
cals. 

Varices at lower end in 
' obstructions of the 
portal circulation 
(cirrhosis of liver) 

Gastritis results from 
various poisons and 
irritants. 

Chronic peptic ulcer is 
! very frequent and 
important 

Chronic ulcer 
(peptic) very 
common in 
first portion. 

Acute ulcera- 
tion may ac- 
company 
severe bums 

Obstructions 

1. Congenital 

2. Fibrosis following 
ingestion of corro- 
sives 

3. Tumors 

4. Cardiospasm and 
functional strictures 
of lower end 

5. Pressure from with- 
out 

Usually at pylorus 

May be 
(a) Congenital 

1 (infancy) 

1 (b) Scar of healed 
ulcer 

(c) Carcinoma 

Bezoars or concretions 
(masses of indigest- 
ible material) 

Uncommon, 
except at 
pylorus 

Tumors 

Benign — ^uncommon 

Oaidnoma — ^prognosis 
almost hopeless 

a) Squamous cell type 
— common 

b) Adenocarcinoma — 
rare, occurs at 
lower end 

Benign— rare 
Malignant — carcinoma 
is very common and 
important 

Types are: 

B .) Polypoid 

b) Ulcerating 

c) Scirrhous or infil- 
trating 

Sarcoma — rare 

Bare 













XII 

Gastrointestinal Tract 


SMAIJi INTESTINE 

APPENDIX 

COLON 

RECTUM AND 
ANUS 

Uncommoii. except for 
abnormalities of mes- 
enteric attachment 
and rotation, and 
Meckel’s diverticulum 

Bare 


Atresia 

Meckel ’s — ^persistence 
of omphalomesenteric 
duct; 1-3 feet proxi- 
mal to ileocecal junc- 
tion; other types un- 
common 

In rare cases may 
follow appendi- 
citis 

Common in de- 
scending and 
sigmoid re- 
gions — often 
become in- 
flamed 

(diverticulitis) 

Uncommon 

Typhoid — ^ulcerations 
of lymphoid areas 
of ileum. 

Begional ileitis— a 
chronic inflammation 
of terminal ileum. 
TuherculosiB— chronic 
ulcerations of lower 
ileum. 

Chemical poisons and 

uremia — may cause 

ulcerations of ileum. 
Lesions of jejunum are 
rare 

Acute appendicitis 
is common. Com- 
plicated by per- 
foration, abscess 
formation, peri- 
tonitis, pylephle- 
bitis 

l^sentery— 

bacillary 

Dysentery- 

amebic 

Chronic ulcera- 
tive colitis 
Cholera 
Tuberculosis — 
may involve 
cecal region 
Actinomycosis— 
in cecal region 

Nonspecific 
chronic in- 
flammation 
with sinus or 
fistula for- 
mation is 
common 

1. Paralytic— e.g., in 
mesenteric thrombo- 
sis 

2. Mechanical— block- 
age of lumen 

3. Strangulation— ob- 
struction and inter- 
ference with blood 
supply 

Biochemical disturb- 
ance with dehydra- 
tion and electrolyte 
loss results 

Commonly due to a 
fecolith or to 
flbrosis. 

Important in the 
pathogenesis of 
appendicitis 

Acute obstruc- 
tion as in 
small bowel. 
Chronic ob- 
structions from 
tumors and in- 
flammatory 
flbrosis 

Acute obstruc- 
tion is un- 
common. 
Chronic ob- 
struction 
from tumors, 
impacted 
feces, and 
in lympho- 
granuloma 
venereum 
(females) 

Bare 

Carcinoids similar to 
those of the appen- 
dix occur but more 
rarely 

Carcinoids — a 
benign, yellow 
argentamne tumor, 
wmch histologi- 
cally may re- 
semble carcinoma. 

True carcinoma is 
rare 

Benign— Polyps and adenoma 
are common, and prone to be- 
come malignant 

Caxdnoma — common — particu- 
larly in distal portions of 
colon and rectum. Gross 
types are: (1) annular con- 
stricting and ulcerating and 

(2) papUary 

Histologic varieties are: (1) 
adenocarcinoma, (2) mucoid, 

(3) scirrhous 
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action. As in other types of obstruction, the esophagus 
above the stricture becomes dilated. 

Varices at the lower end of the esophagus occur in cir- 
rhosis of the liver, due to obstruction of the portal circula- 
tion. 

Carcinoma is the only type of tumor common in the 
esophagus. It is more frequent after the age of 50 years 
and more than 80 per cent occur in men. The three com- 
mon sites are: (1) in the middle third of the esophagus, at 
the level of the tracheal bifurcation (50 per cent) ; (2) in 
the lower third, about the level of the diaphragm (25 per 
cent), and (3) in the upper third, about the level of the 
cricoid cartilage. 



.:d 


Fig. 212.— Carcinoma of esophagus. (Courtesy Dr. H. 0. Schmeisser.) 

The gross types are : (1) an infiltrating or scirrhous form 
which grows around the esophagus and soon produces steno- 
sis and obstruction of the lumen; (2) a medullary type of 
soft, bulky ulcerating tumor; and (3) a polypoid form, 
which is least common. 
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These tumors are squamous-cell carduomas of varying de- 
gree of differentiation. In rare instances an adenocarcinoma 
may be present at the lower end of the esophagus. It may 
arise from ectopic gastric mucosa, or be an upward exten- 
sion of an adenocarcinoma of the cardiac end of the 
stomach. 

Metastasis is more widespread in the highly undifferenti- 
ated tumors, the liver, lungs, and lymph nodes draining the 
area being most frequently involved. The outlook in car- 
cinoma of the esophagus is usually hopeless, due to surgical 
inaccessibility, though radiologic treatment may result in 
palliation. 

STOMACH AND DUODENUM 
Congenital Pyloric Stenosis 

Great hypertrophy of the circular muscle fibers of the 
pylorus is characteristic of this condition. Usually ac- 
companied by spasm, it produces stenosis and obstruction 
of the pyloric orifice. Symptoms begin shortly after the 
first week of life, with vomiting, visible gastric peristalsis, 
and often a palpable hardened pylorus. Symptoms may sub- 
side in a few weeks, or continue for months. Eecovery re- 
sults after surgically splitting the circular muscle fibers of 
the pylorus. Though congenital, the pathogenesis of the 
condition is unknown, and the relative importance of spasm 
and muscular hypertrophy in the production of symptoms is 
a debatable point. The condition occurs predominantly in 
males. Duodenal obstruction in infancy also may be due to 
an annular pancreas, a malformation in which a band of 
pancreatic tissue is wrapped around the duodenum. 

Syphilis of the Stomach 

Syphilitic involvement of the stomach seems established 
as a clinical and pathologic entity, though the infrequency 
with which spirochetes have been demonstrated in the le- 
sions leaves some room for doubt. 

Clinically the condition simulates carcinoma. Badio- 
logically, a smooth tube-like or funnel deformity is sug- 
gestive of syphilis. In late stages the stomach may be of 
the leather-bottle (linitis plastica) type, grossly indistm- 
guishable from the more common scirrhous carcinoma. The 
age incidence in the middle thirties is lower than in car- 
cinoma. The symptoms are of short duration in comparison 
with those of peptic ulcer. Free hydrochloric acid is low 
or absent. The Wassermann reaction is usually positive. 



468 


SYNOPSIS OP PATHOLOGY 


The lesion is a granulomatous inflammation whieh pri- 
marily involves an area of the submucosa and then often 
extends widely in the submucosa and muscularis. Shallow 
secondary mucosal ulceration may be present. The pyloric 
region or midstomach may be involved flrst, spreading to 
the whole stomach in late stages. The entire wall is dif- 
fusely infiltrated by lymphocytes and plasma cells, but most 
marked involvement is in the submucosa. There is peri- 
vascular infiltration of the inflammatory cells, and also small 
gununatous areas occur. Inflammatory involvement of 
small blood vessels, both’ arteries and veins, is a pro^nent 
feature. Williams and Kimmelstiel* have emphasized a 
panphlebitis as characteristic, but they note that the in- 
volved veins may not be recognized uriless a special stain 
is used to demonstrate the elastic tissue in their walls. 

Poisons 

Various ingested cori'osives leave their mark on the 
stomach as well as on the mouth, pharynx, and esophagus. 
The effects vary with the type and strength of the poison. 
Certain powerful poisons such as phenol and mercuric chlo- 
ride cause immediate death and fixation of the gastric mu- 
cosa. The fixed tissue is firm, grayish white or brownish, 
and microscopically the cells appear well preserved. Little 
or no inflammatory reaction is evident, due to the rapidity 
with which death occurs. 

Strong acids, such as hydrochloric and sulfuric, burn 
the tissues, which thus appear of yellowish or brown color, 
necrotic and hemorrhagic. Action on the blood in con- 
tact with the acid results in dark brown pigmentation due 
to hematin formation. Microscopically the tissue appears 
massively necrotic and disintegrated. The degree of ii^am- 
matory reaction depends on the period of survival after in- 
gestion of the poison. 

Strong alkalies, such as lye and lysol, also produce 
necrosis, with softening and ^scoloration, though the pig- 
mentation may be less marked. 

Various weaker corrosive poisons result in lesser degrees 
of the same type of change, with more opportunity for the 
development of marked inflammatory reaction. 

Gastritis 

An acute gastritis may be caused by various irritant foods 
and alcoholic drinks as well as by poisons. Chronic gastritis 
occurs in hypertrophic and atrophic forms. 
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Chronic hypertrophic gastritis is characterized by thick- 
ening of the mucosa and submucosa. The lining of the 
stomach is excessively rugose, or even polypoid. There is 
a hyperplasia of the mucosal epithelium, and in the sub- 
mucosa there is a connective tissue increase with infiltra- 
tion of chronic infiammato^ cells. 

Chronic atrophic gastritis is a nonspecific change due to 
inflammation and gastric injury in general. It may be par- 
ticularly prominent in chronic alcoholism, chronic pellagra,, 
and pernicious anemia. The normal rugae of the stomach 
are less prominent or absent, the mucosa is thin, and the 
stomach dilated. Microscopically, the mucosa is atrophic, 
with scarcity of mucosal glands, and increase of leucocytic 
infiltration and lymphoid aggregation in the mucosa and sub- 
mucosa. The mucosa of the pylorus and fimdus may be 
metaplastic, and transformed to an intestinal type, and there 
may be a change of parts of the mucosa of the fundus to a 
pyloric type (pyloric gland heterotopia). The interglandu- 
lar connective tissue and the muscularis mucosa are thickened.. 
A rare squamous metaplasia of the mucosa has been described 
by Sailer.® There is no evidence that chronic atrophic gas- 
tritis predisposes to carcinoma of the stomach.® 

In pernicious anemia there is an extreme atrophy in- 
volving all coats of the stomach wall. This change is lo- 
calized in the upper two-thirds of the stomach and does, 
not afiect the pyloric antrum or duodenum. In the in- 
volved area the stomach wall is extremely thin, but there 
is an abrupt transition to normal thidmess at the junction 
with the pyloric mucosa. In the involved area only a few 
scattered glands remain, the specialized oxyntic and peptie 
cells having entirely disappeared. Absence of inflammatory 
changes suggests that a purely atrophic process has oc- 
curred. These changes appear to be the morphologic basis 
of the achylia gastrica present in pernicious anemia. 

Bezoars 

Bezoar^ is a term applied to an accumulation of foreign 
material in the stomach and intestine. There are four 
varieties: (1) trichobezoar, or hair ball; (2) phytobezoar, 
or food ball; (3) trichoph;H^obezoar. a combined hair and 
food ball ; and (4) shellac bezoar, or concretion. 

Pyloric Obstructloii 

In adults, stenosis and obstruction at the pylorus may 
result from the contracting scar of an ulcer, or from car- 
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cinoma. The stomach becomes greatl7 dilated, and filled by 
stagnant food and flnid. Persistent vomiting results in loss 
of chlorides and acid, and production of so-called gastric 



Fig. 213. — ^Pyloric obstruetioii due to carcinoma of stomach. The 
tumor inTolves the lesser curvature near pylorus. Note the dilatation 
and thinning of the walls of the stomach and esophagus proximal to 
the obstruction. (Courtesy Dr. H, C. Schmeisser.) 

tetany — alkalosis and a chloride insufficiency occur. 
Increase in nonprotein nitrogen of the blood and evidence 
of renal insufficiency may be present. The kidneys nhovr 
marked tubular degeneration, and often calcium deposits in 
the degenerated tissue. Other obstructions high in the in- 
testinal tract produce a similar result.’ 

Peptic Ulcer 

The term peptic ulcer refers to ulceration in areas which 
may be acted upon by acid gastric juice, i.e., the stomach. 
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first portion of duodenum, and, following gastrojejunos- 
tomy, the jejunum. Acute ulcerations or erosions are super- 
ficial and often hemorrhagic areas of mucosal loss. These 
common acute ulcers heal easily and give rise to little 
trouble. It is believed, however, that they may form the 
starting point for chronic peptic ulcers. Chronic peptic 
ulcers are more important than the acute forms because 
of their persistence, annoying symptoms, and the com- 
plications of hemorrhage, perforation, and malignant 
change. The term peptic ulcer, when unqualified, usually 
refers to this serious chronic type. 



Fig. 214. — Ohroiuc ulcer of stomacli. (Courtesy Dr, H, 0. Schmeisser.) 


Acute Ulcer. — ^Acute ulcers or erosions are quite com- 
mon and may be produced by a variety of injuries, such as 
coarse or excessively hot foods, septicemias, burns of the 
skin, etc. Many are probably of embolic origin. The vari- 
ety complicating extensive superficial burns is known as a 
Curling ulcer. Found in only a small proportion of fatal 
burns, it is most common in the duodenum but also occurs 
in the stomach or intestine. Acute hemorrhagic ulcera- 
tions of the stomach or intestine occasionally complicate 
lobar pneumonia (Dieulafoy^s erosion). Pneumococci have 



472 


SYNOPSIS OF PATHOLOGY 


been demonstrated in these lesions. Acute ulcers are usu- 
ally jsmall, involve only the mucosa and superficial layers 
of submucosa, and are often hemorrhagic. They usually 
heal readily but in certain areas and circumstances may be- 
come chronic. Acute ulcers are more frequent in the stom- 
ach than in the duodenum. The gastric ulcers apparently 
tend to heal more readily, while duodenal ulcers tend to be 
chronic. 

Chronic Peptic Ulcer. — 

Etiology. — Chronic ulcer is somewhat more common in the 
male, and in the white race in comparison with Negroes. 
The etiology and pathogenesis of chronic peptic ulcer are 
but poorly understood. The one factor of established im- 
portance is the action of acid gastric juice. Chronic ulcers 
develop only iu areas of stomach and duodenum exposed to 
acid gastric juice. The jejunum exposed to acid gastric 
juice by a gastrojejunostomy may likewise develop a chronic 
ulcer, though ordinarily the jejunum is exempt. When 
there is achlorhydria, as in pernicious anemia, peptic ulcer 
does not occur. Excessive acidity (hyperchlorhydria) is 
common but not invariable in individuals with peptic ul- 
cer.® CafEeine-containing beverages cause prolonged increase 
in output of gastric acid and possibly contribute to the 
pathogenesis of ulcer iu susceptible individuals.^® An in- 
testinal extract containing enterogastrone, which inhibits gas- 
tric secretion and motility, has been effective in preventing 
development of experimental ulcers of peptic ulcer type in 
animals.'®" 

Various other factors of uncertain importance have been 
debated. Numerous causes produce acute ulcerations or 
eimsions. Virchow suggested the importance of changes 
in vascular supply of the mucosa, possibly by thrombo- 
sis or embolism. This circulatory theory still has ad- 
herents. Sclerotic changes are commonly found in blood ves- 
sels in the area of the ulcer, but usually they are considered 
secondary. Localized infection, particularly by certain 
strains of hematc^enous streptococci, has been supported by 
Bosenow and others. Influence of Ae nervous system was 
noted by Rokitansky and has been supported by the observa- 
tions of Cushing, who noted peptic ulceration following dis- 
turbances of the hypothalamic region or diencephalon. Nu- 
clei controlling secretory and vasomotor gastric functions ap- 
pear to be located in the diencephalon. Stimulation of this 
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center or of the parasympathetic fibers passing from it to the 
stomach may cause hemorrhagic erosions or ulcers. A con- 
stitutional tendency or an ulcer type’’ of individual has 
been noted by clinicians. 

Various factors have been thought to prevent healing 
once the ulcer is established. These include hyperacidity 
and stasis, the traumatic effects of food, and the pull of 
muscle about the ulcer. The rather constant location of 
gastric ulcers on the lesser curvature has caused emphasis 
on functional and anatomic factors. Contraction of oblique 
muscle fibers forms a groove {Magenstrasse) along the distal 
part of the lesser curvature along which food or liquid may 
be forced without mixing with the rest of the gastric con- 
tent. About 95 per cent of gastric ulcers are located in the 
Magenstrasse. This region, in comparison with other parts 
of the gastric mucosa, is exposed to more trauma, lacks pro- 
tective mucin production, and is subjected to greater muscle 
traction. 

Gross Appeajrance. — Peptic ulcers are highly constant in 
location, being found in the pyloric portion of the stomach, 
most commonly on the posterior wall near the lesser curvature, 
and in the first portion of the duodenum proximal to the 
ampulla. The gastric ulcers are usually situated a few 
centimeters proximal to the pyloric ring. Ulcers right at 
the pylorus are more commonly carcinomatous. Duodenal 
ulcers occur in the first portion (duodenal bulb) on the 
anterior or posterior wall. Peptic ulcers are usually single 
but may be multiple. 

The ulcers vary in size from a few millimeters to 3 
centimeters in diameter. They do not tend to extend and 
become very large. Large ulcers of the stomach are usu- 
ally carcinomas rather than chronic peptic ulcers. An 
ulcer in the duodenum is practically never a carcinoma. 

The chronic ulcers appear as indurated, deep, punched- 
out or funnel-shaped areas. The proximal or cardiac side 
of the gastric ulcer is usually steep, with overhanging edges, 
while the distal or pyloric side tends to be sloping or ter- 
raced. The base of the ulcer is covered by roughened, gray- 
ish, necrotic material, or may contain granular or blood- 
tinged exudate. Hyperemia or some fibrous thickening may 
be present around the edge of the ulcer. Variable degrees 
of fibrosis and distortion of the organ develop, ''^^en 
marked fibrosis spreads around the stomach, contraction 
tends to produce an hourglass deformity. Fibrous ad- 
hesion to adjacent organs, such as pancreas or liver, may be 





feYMUrblS UJb' jeATUOLrtKJY 


present. Fibrosis about a duodenal ulcer shortens the dis- 
tance between the pyloric ring and the opening of the 
ampulla. 

hliCBOSCOPio Appearance. — ^At the edge of the ulcer, the 
mucosal and muscular layers end rather abruptly, though 
there may be some overhanging of the epithelium. Occa- 
sionally there is some downward proliferation of the mar- 
ginal epithelium, producing an appearance which should not 
be coxrfused with malignancy. 

The whole thickness of the floor of the ulcer is com- 
posed of fibrous sear tissue, the muscle layers usually be- 
ing completely gone. Over this fibrous base are successive 
layers of granulation tissue, necrotic and hyalinized ma- 
terial, and of exudate. Inflammatory cells may be found 
not only in this layer of exudate on the surface, but also 
in the granulation tissue and about the edges. Blood vessels 
in the base often show inflammation in early ulcers, and 
later intimal thickening, with narrowing or even oblitera- 
tion of the lumen. 

When healing occurs, it is by organization and fibrosis, 
the mucosa from the edges growing inward to cover the 
area. Contraction of the sear tissue sometimes produces 
an hourglass deformity of the stomach or pyloric stenosis. 

CoMpmoATioNS.-;-The complications and seqpelae of peptic 
ulcer include hemorrhage, perforation, maligxiant change, 
and sear contraction with pyloric stenosis or deformity of 
the stomach. 

Small hemorrhages commonly accompany peptic ulcers. 
Repeated small hemorrhages produce secondary anemia. A 
severe or even fatal hemorrhage may follow erosion of a 
larger vessel. Endarterial changes in the vessels of the base 
protect against this to some extent. On the other hand, 
the vessel walls, being held in rigid sear tissue, may be un- 
able to retract following erosion. 

Perforation results when the ulcer continues to penetrate 
deeply. Perforation into the peritoneal cavity produces 
shock and soon results in peritonitis. In other older ulcers 
adherent to some surroimding structure, perforation may 
occur into the adherent organ. 

Relaxiokship to Caroinoua. — Mali gnant change may de- 
velop in a chronic gastric ulcer, but this is extremely rare 
m duodenal ulcers. While the frequency of this occurrence 
in gastric ulcer is debated, the consensus is that less than 5 per 
cent of gastric ulcers undergo malignant change. 
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In an ulcerating gastric cancer, evidence that it arose from 
a previously benign chronic ulcer is given by: (1) complete 
destruction of the muscle layers of the stomach in the base 
of the ulcer; (2) fusion of the muscularis mucosa and muscle 
wall at the margin of the ulcer; (3) intimal thickening of 
blood vessels ; (4) the presence of carcinoma in only one part 
of the wall and its absence in the base of the ulcer and in 
other portions of the wall. 

Distinguishing points of benign and malignant gastric 
ulcers are given in Table XIII. Sometimes the distinction is 
impossible without microscopic examination and application 
of the usual histologic criteria of malignancy. 

Table xm 


COHFABISON OF BENISN AND MaTiISNANT GaSTBIO UlCBBS 



UT^ERATING CAKOINOMA 

OHEONIC ULCEE 

Dnrataon 

History less than two years 

History often more than two 
years 

A.ge 

More frequently past forty 

Frequently begins under 
forty 

Size of ulcer 

Usually over 2.5 cm. in 
diameter 

Diameter usually less than 
2.5 cm. 

position 

Usually at or very near 
pylorus 

Commonly 2 to 3 inches 
from pylorus 

Edge of ulcer 

Eaised^ rounded 

Sharp, punched out, ter- 
raced on pyloric side 


Tumors of the Stomach 

Benign. — ^Benign tumors of the stomach are uncommon, 
and of little clinical significance unless they obstruct the 
pylorus. The mucosa may be involved by papilloma or a 
polypoid adenoma. Fibroma, myoma, and Upoma also occur. 

Carcinoma of the Stomach. — ^Malignant tumors of the 
stomach are important because of their frequency. Car- 
cinomas of the stomach constitute 20 to 35 per cent of all 
malignancies and are the commonest type of carcinoma in the 
male. 

Types. — Carcinoma of the stomach occurs in three main 
gross forms: (1) papillary, or polypoid; (2) ulcerating; (3) 
scirrhous or infiltrating. A mucoid or gelatinous type also 
occurs, as a variety of the above t^es. The pyloric region, 
particiilarly the lesser curvature, is the common site, about 
one-half of gastric cancers ori^ating in this situation. The 
localized scirrhous or ulcerative type usually occupies this 


















476 


SYNOPSIS OP PATHOLOGY 


position. The diffuse scirrlious type (iinitis plastiea) is rare, 
constituting less than 5 per cent. Carcinoma of the body, 
fundus, and cardia of the stomach is usually a soft, papillary 
tumor. 

The papillary or polypoid carcinoma is a soft, bulky tumor 
which projects into the cavity of the stomach. It is usually 
an adenocarcinoma or carcinoma simplex. The size of the 
tumor may be large before many symptoms are produced. 
The surface tends to become ulcerated and infected, and it 
bleeds easily. The tumor infiltrates the submucosa and 
muscularis, but the course of this type may be relatively slow. 
This circumscribed polypoid form constitutes about 8 per cent 
of gastric cancers and is a relatively favorable form for 
surgical removal. 



Fig. 215. — ^Diffuse scirrhous carcinoma of stomach (linitis plastiea). 
Note the marked diffuse thickening and contraction of the wall. (Cour- 
tesy Dr. H. 0. Sehmeisser.) 


The ulcerating variety commonly involves the pyloric 
region and lesser curvature. It is the most frequent form 
of gastric carcinoma. Distinction from a benign chronic ulcer 
may be diflScult. It is more than 2.5 cm. in diameter and has 
raised rounded edges. Microscopically it is usually a car- 
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cinoma simplex, the cells forming columns or solid masses. In- 
fection, hemorrhage, and pyloric obstruction may complicate 
this variety. 

The scirrhous infiltrating carcinoma of the stomach begins 
at the pylorus, tends to encircle this region and extend 
proximally. No localized tumor is present, but the involved 
portion of the stomach is very thick walled and firm. Stenosis 
and obstruction of the pylorus are usually seen. The proximal 
extension toward the cardia may be for only a short distance, 
or the whole stomach wall may be involved. This diffuse in- 
filtrating type (linitis plastica or leather-bottle stomach) 
results in a small, very thick-walled stomach. Histologically, 
the scirrhous carcinoma is characterized by very abimdant 
coimective tissue stroma. The malignant epithelial cells may 
be quite scarce and even difficult to find. Barely, a similar 
gross change in the stomach may result from chronic inflam- 
mation, e.g., syphilis (see p. 467). Carcinoma of the stomach 
usually stops abruptly at the pylorus, so that the duodenum 
is rarely involved. 

Multiple gastric polyposis may be neoplastic or of inflam- 
matory origin. Malignant changes are prone to occur.^® 

Mucoid degeneration may occur in any of the varieties 
of gastric carcinoma, either in small localized areas or in- 
volving the whole tumor. The mucoid areas grossly appear 
translucent and gelatinous. Accumulation of the mucoid in 
the cytoplasm of the cancer cells displaces the* nucleus to one 
edge, giving the cell a signet ring appearance. This same ap- 
pearance may be found in metastases. 

Spread and Metastasis. — The scirrhous forms of gastric 
carcinoma spread chiefly in the stomach wall, but metastasis 
to other organs is unusual. The soft forms spread to adjacent 
draining lymph nodes, to liver, peritoneum (pouch of Douglas 
and ovaries), and sometimes by blood stream. 

Not only local lymph nodes, but also the left supraclavicular 
nodes are frequently invaded, where the involvement can 
often be determined clinically by palpation and biopsy. Peri- 
toneal spread may produce ascites, and involvement of the 
pouch of Douglas may be evident by rectal palpation. Ovaries 
may be involved by bilateral (Krukenberg) tumors. 

Sarcoma of the Stomach. — Sarcoma of the stomach is rare. 
The varieties include fibrosarcoma or spindle-cell sarcoma, 
round-cell sarcoma, and lymphosarcoma. The round-cell sar- 
coma may be difficult to differentiate from a highly anaplastic 
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carcinoma. Lymphosarcoma forms aa intramural txunor, is 
similar to lymphosarcoma elsewhere, and is markedly radio- 
sensitive. 

Carcinoma of the Duodenum 

The duodenum is a rare site for cancer, even as a malignant 
change in a chronic duodenal ulcer. Most carcinomas of the 
duodenum arise at or about the ampulla of Yater and hence 
usually obstruct the bile and pancreatic ducts, with the early 
appearance of jaundice. Some probaMy originate from bile 
duct epithelium rather than from duodenal mucosa, and oth- 
ers from aberrant pancreatic tissue.^® 

INTESTINAL TBACT 

The main types of diseases of the small and large bowel are : 
(1) inflammatory and infective conditions, including inflam- 
mations of diverticula and of the peritoneum, (2) obstruc- 
tions, and (3) tumors. 

Inflammation of the Intestinal Tract 

Infl amm ations may involve large portions of the tract, but 
often one region is affected exclusively or more prominently, 
so that the terms enteritis (small intestine), ileitis, appen- 
dicitis, colitis, si^oiditis and proctitis (rectum) may be used 
to indicate ioflammation of the particular re^on. The causes 
are of two main groups: (1) poisons, either endogenous 
(e.g., in uremia) or exogenous (mercury poisoning, botulinus 
food poisoning), and (2) infections (typhoid, dysentery, 
cholera, tuberculosis, etc.). 

The inflammation may be : (1) catarrhal, i.e., a superficial 
inflammation involving the mucosa of the bowel; (2) follic- 
ular, in which in addition to catarrhal inflammation there is 
a marked hyperplasia of the lymph follicles; (3) diphtheritic, 
characterize by the formation of a false membrane composed 
of necrotic mucosa and a fibrinous exudate ; (4) ulcerative, in 
which sloughing of necrotic areas and ulceration are often of 
distinctive nature. Some types of infection of the bowd may 
be catarrhal, diphtheritic, or ulcerative, etc., depending on 
their stage or degree of severity. 

Intestinal Inflamuation Dub to Poisons 

Endogenous. — TTremia is accompanied by intestinal lesions 
in about 20 per cent of the cases. The earliest changes in 
the mucosa are areas of hyperonia and edema, followed by 
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hemorrhage, necrosis, diphtheritic change, sloughing, and 
ulceration. Uremic ulcers are most common in the lower 
ileum, cecum, and ascending colon, but they also occur in 
other parts. The change is probably due to localized inter- 
ference with circulation to the involved area of bowel, and 



rig. 216. — Semorrhagie colitis. 

sclerotic or necrotic changes in blood vessels are often evident 
in the affected region. Irritation from excessive ammonia 
in the intestinal content, due to excretion of excess urea, also 
has been suggested as a causative factor. 

Exogenous. — ^Poisoning by heavy metals, such as mercury 
bichloride and other corrosives, may produce an intense 


TabIiK 

Inflammations and Ulobkations 



ETIOLOGY AND 
PATHOGENESIS 

REGION OP BOWEL 
INVOLVED PRE- 
DOMINANTLY 

nature op lesion 

Chemical 

poisons 

Corrosive action of in- 
gested salts of mer- 
cury and olher 
heavy metals 

Ileum and colon 

Hemorrhagic and 
diphtheritic 

Uremia 

Localized blood vessel 
changes; (?) 
ammonia poisoning 

Lower ileum, cecum 
and ascending colon 

Hemoirhagic, diph- ’ 
theritic and ulcera- 
tive lesions 

Bums 

In 1 to 6 per cent of 

fatal bums; pos- 
sible relation to ad- 
renal damage 


Acute, ulcerative ' 

Typhoid 
and para- 
typhoid 

Organisms ingested in 
contaminated water 
and food ; general- 
ized infection 

Ileum — ^Peyer’s 
patches and solitary 
lymph follicles 


Bacillary 

dysentery 

^ali 

Large intestine, espe- 

cially distal portion 

Diphtheritic inflam- 
mation, with wide- 
spread necrosis and 
abundant exudate 

Amebic 

dysentery 

Ingested Endcmeha 
histolytica locally 
affect intestine 

Large intestine 

Loc^l invasion and 
tissue lysis by para- 
site 

Chronic 

ulcerative 

colitis 

? Chronic form of 
bacillary dysentery 

Large intestine, espe- 

cially distal por- 
tions 

Chronic ulcerative in- 
flammation 

Cholera 

Ingested cholera 
vibrios of Koch pro- 
duce infection of 
intestine 

Whole intestinal tract, 
but particularly 
colon 

Acute catarrhal in- 
flammation, redden- 
ing of mucosa, some- 
times hemorrl^es 

Regional 

enteritis 

Etiology uncertain 
f tuberculosis 
f local form of sarcoid 
f lymphopathia ve- 
nereum 

Ileocecal region 

Marked thickening of 
a segment of ileum 

Tubercu- 

losis 

Usually secondary to 
pulmonary lesion, 
due to swallowing 
sputum. Occasion- 
dly primaiT from 
infected milh or food 

Ileocecal rerion — 
starts in lymphoid 
tissue 

1 

Tubercle formation in 
lymphoid tissue of 
bowel. Sometimes 
hyperplastic with 
thick^iing of bowel 
wall 

Actinomy- 

cosis 

Ingested ray fungus 

Ileocecal region and 
appendix 

Suppurative and nl- 
cerative, v^ith thick- 
ening of bowel wall 

Lympho- 

granu- 

loma 

venereum 

Virus. Frei reaction 
positive 

Usually large intestine 

Ohronic suppurative 
and granmomatous 
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OF THE iNTESTINiL TeACT 


CHARACTER OF ULCERS 

mcROScopic 

COMPLICATIONS 

Bagged, small, superficial. 
May be coalescing and ex- 
tensive 



No specific form, hemor- 
rhagic, multiple, some- 
times extensive 

Hyaline thickening, infiam- 
mation and necrosis of 
small arteries in affected 
area 


Acute, usually single, may 
he long and narrow 


Hemorrhage, per- 
foration 

Ulcers involve Peyer^s 
patches, oval, in long axis 
of howel 

Proliferation of large mono- 
nuclear phagocytic cells 

Perforation, hemor- 
rhage 

Shallow, ragged, very nu- 
merous and coalescent, not 
undermined 

Superficial fibrino-purulent 
exudate 

Dehydration, steno- 
sis may follow 
healing 

Undermined edges; fiask- 
shaped on section 

Amebae in tissues. Leuco- 
cytic infiltration when sec- 
ondarily infected 

Perforation, liver 
abscess 

Extensive ragged, chronic, 
coalescing ulcerations sur- 
rounding islands of hyper- 
trophic mucosa 


Stricture of bowel 
wall. Sometimes 
malignant change 
in polypoid mu- 
cosal islands 

No ulcers but superficial 
desquamation of surface 
epithelium 

Loss of epithelium from 
mucosa 

Extreme dehydration 

Not specific 

Extreme thickening of sub- 
mucosa. Sarcoid-like ag- 
gregates of epithelioid 
and giant cells 

Obstruction of 
bowel, mesenteric 
lymph nodes af- 
fect^. Perfora- 
tion rare 

Affect lymphoid tissue but 
tend to encircle bowel 

Gaseous necrosis epithelioid 
cells, giant cells, lymphoid 
cells 

Stenosis of gut, per- 
foration and peri- 
tonitis 

Not specific 

Suppuration, characteristic 
ray fungus in lesions 

Pylephlebitis; 
chronic draining 
sinus or fistula 

Not i^ecifie 

Often not characteristic. 
Focal abscesses 

Obstruction of 
lumen 
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hemorrhagic and diphtheritic inflammation of the bowel. 
Ilenm and colon are most markedly involved (see Chap. IX). 

Intestinal Inflammations Due to Infection 

Among the most important intestinal infections are those 
due to &e coli-typhoid-dysentery group of organisms. This 
group consists of aerobic Gram-negative baciUi. One division 
of the group, distinguished by inability to ferment lactose, 
consists of highly pathogenic organisms, such as those of 
typhoid, paratyphoid, and dysentery. A second division, 
composed of lactose fermentors, includes the colon bacillus 
and closely related organisms. They are of very low patho- 
genicity. 

Typhoid Fever. — ^Infection with the typhoid bacillus is 
characterized by involvement of lymphoid and retieulo-endo- 
thelial tissues, with hyperplasia of large mononuclear phago- 
cytic cells. It is in all eases a generalized infection, but in- 
volvement of the lymphoid tissue of the intestine (Peyer’s 
patches and solitary lymph follicles) is usually the most 
prominent feature, and ulceration there gives rise to the most 
dangerous complications of perforation and hemorrhage. 

The organisms are ingested with water, milk, or food which 
has been contaminated, usually by chronic carriers. The 
febrile illness often has marked mental clouding and toxic 
symptoms in addition to intestinal disturbances, and it lasts 
about four weeks. Blood culture is usually positive during 
the first week, less regularly so later. Stool culture is more 
frequently positive during the second and third weeks. Urine 
culture is positive in about 20 per cent of cases in the third 
and fourth weeks. The Widal reaction, which is the demon- 
stration of specific agglutinins in the patient’s serum, is 
■ usually positive after the first week. This test may be in- 
validated as a diagnotic procedure if the patient has had a 
recent inoculation with typhoid vaccine, which may produce a 
positive reaction. At autopsy, the organisms are most easily 
isolated from spleen or gaU bladder. The leucopenia which 
occurs, with decrease in &e number of granulocytes and rela- 
tive increase in nongranular white blood cells, is in accordance 
with the body’s reaction to the organism, i.e., proliferation of 
mononuclear cells rather than exudation of polymorpho- 
nuclear leucocytes. 

Intestinal Lesions. — The lower ileum and cecum, where 
lymphoid tissue is most abundant, is involved earliest and 
most severely. The more proximal parts of the nwiftll intes- 
tine -and the more distal parts of the large intestine show a 
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later and less severe reaction. Goodpasture^® has demon- 
strated in early cases the growth of a small Gram-negative 
form of the organism in young plasma cells of the lymphoid 
follicles. The early changes in Peyer’s patches and lymphoid 
follicles are congestion and edema, followed soon by a great 
proliferation of mononuclear leueocj^es, the characteristic 
cells of typhoid. These involved lymphoid regions stand out 
as irregular projecting prominent areas on the mucosal sur- 
face. The large mononuclear cells in the lesions are actively 
phagocytic, and in their cytoplasm can be seen remnants of 
ingested lymphocytes, plasma cells, and sometimes the large 
Gram-negative typhoid bacilli. 

At about the seventh to tenth day necrosis begins in the 
affected patches. Tiny necrotic areas slough off leaving small 
ulcers which by their coalescence form rounded or oval areas 
of ulceration having the size, shape, and situation of the 
Peyer’s patches. The long axis of these ulcers is in Ihe direc- 
tion of the long axis of the bowel, in contradistinction to 
tuberculous ulcers which tend to encircle the gut. 

This process of ulceration, particularly if rapid, may result 
in hemorrhage. The ulcers usually involve only the mucosa 
and submucosa, but deeper extension and perforation may oc- 
cur, particularly as the result of secondary infection. Perfora- 
tion is most apt to occur m the lower ileum, where the lesions 
are earliest and most severe. Generalized peritonitis follows, 
except in cases of slower perforating processes which allow a 
walMg off and localization of the peritonitis. 

On recovery, surface epithelium grows over the ulcerated 
area, but there is little regeneration of the glandular epithe- 
lium or lymphoid tissue. There is no scar formation or con- 
traction of the bowel. 

Lesions in Other Organs. — ^While intestinal lesions are 
usually primary and predominant in typhoid fever, the infec- 
tion is a generalized one, and various other organs, such as 
lymph nodes, spleen, liver, bone marrow and gall bladder, 
are rather constantly involved. The reaction tends to be 
similar everywhere, with proliferation of large mononuclear 
cells and foci of necrosis. The necroses are due mainly to 
the endotoxins of Eherthella typhi, but vascular blockage by 
accumulated mononuclear cells is a contributing factor. 

The spleen is enlarged up to 400 or 500 grams. It is red, 
soft and exceedingly engorged with blood. In addition to 
this extreme congestion, collections of large mononuclear cells 
are seen microscopically. Small focal areas of necrosis may 
be present. 
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The liver likewise shows small focal necroses, irregularly- 
distributed in the lobules. 

Mesenteric lymph nodes also have microscopic necroses 
and great accumulation of large mononuclears. Similar 
changes may be found in bone marrow, where the formation 
of granulocytes is in abeyance. 

The gall bladder is usually infected, and the organisms 
can be cultivated from the bile. Morphologic change in the 
gall bladder usually is slight, but acute cholecystitis may ac- 
company or follow typhoid. A focus of infection may remain 
here, however, and excretion of organisms by way of bUe and 
intestinal tract results in a chronic carrier of the disease. 

Cloudy swelling and even fatty degeneration affect the 
heart, liver, and kidne3'-s in t3^hoid fever as in other acute in- 
fections. Zenker’s degeneration of volunta^ muscle is not 
uncommon. Barer complications of typhoid fever include 
meningitis, suppurative periostitis or osteomyelitis, hemor- 
rhagic pneumonia, and thrombosis of veins of the legs. 

Paratyphoid Fever. — ^The illness of paratyphoid infection 
is similar to that of typhoid, though of shorter duration, less 
severe, and with lower mortality. The lesions produced are 
essentially similar but of less severe degree. There is a 
somewhat greater tendency to pus production and abscess 
formation. The salmonella group of organisms are causative 
agents in certain types of food poisoning. 

Bacillary Dysente^. — ^Dysentery is a term loosely used to 
indicate diarrhea with pus, blood, or mucus in the stools. 
Several unrelated conditions may thus be included under 
this term. The important types of dysentery are due to the 
Shigella dystenteriae, and to Endamoeba histolytica. 

There are several varieties of dysentery bacilli, which may 
be distinguished by fermentative and antigenic reactions. 
They produce an endotoxin which has a local effect on the 
intestinal mucosa, and some also produce an exotoxin which 
may affect the nervous system. 

The dysentery organisms reach the intestinal tract -with 
contaminated food and drink. Dysentery is endemic but also 
tends to break out in epidemics, particularly in hot weather 
and when many individuals live together under crowded and 
unhygienic conditions. An acute febrile illness lasting six to 
eight weeks results, but the infection is localized to the bowel, 
and positive cultures cannot be obtained from the blood. Re- 
peated flare-ups or even a chronic condition may occur. 

The large intestine is involved almost exclusively, specific 
lesions being rare in other organs. The distal parts of the 
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colon are more severely affected. Occasionally the terminal 
ileum becomes involved. The lesion is of a diphtheritic or 
even membranous type, with necrosis and desquamation of 
surface layers and abundant fibrino-purulent exudate. In 
some very acute cases, death occurs from toxemia before any 
marked lesions have developed in the bowel. In most cases, 
however, there are widespread necroses of the mucosa of the 
large intestine and abundant exudate. Sloughing of necrotic 
areas leaves, an extremely ragged ulceration of the colon. The 
ulcers are usually shallow, not undermined, and vary a great 
deal in size and shape. Their coalescence denudes large 
areas leaving only occasional islands of intact mucosa. 
Marked diarrhea, excessive fluid loss, dehydration, and ex- 
haustion accompany this condition of the bowel. Severe 
hemorrhage is uncommon. Perforation also is unusual and 
usually results in localized rather than generalized peritonitis. 



Pig. 217. — ^Bacillary dysentery, large intestine. (Courtesy Dr. H. C. 

Schmeisser.) 


Microscopic study shows the necrosis or ulceration of the 
mucosa, with exudate on the surface. All layers of the bowel 
wall are edematous and infiltrated by polymorphonuclear 
leucocytes, but the submucosa is most markedly involved. 
Eecovery is accompanied by healing of the ulcers, sometimes 
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with scar formation and stenosis of the bowel. In healing, 
small mucosa-lined cysts may be formed, which continue to 
harbor the organisms. 

Amebic Dysentery . — Endamoeba histolytica infection of 
the large intestine produces large, undermined, and flask- 
shaped ulcerations. The amebae can be identified micro- 
scopically in the adjacent tissues. Leucocytes are present 
when there is secondary infection. For detailed consideration 
see page 162. 



Fig. 218 . — Balantidium coli infection of bowel. (U. S. Army Medical 

Museum.) 

Balantidial Dysentery. — rare ulcerative dysentery is 
due to the ciliated protozoan parasite, Balantidium coli, the 
natural host of which is the pig. The parasites invade the 
mucosa of the large intestine, and may produce chronic ul- 
cers, sometimes deep and undermined. Lymphocytes, eosino- 
philes, and neutrophiles may form a mild inflanunatory exu- 
date. The parasites are easily recognized in the lesions by 
their large size (50 to 100 microns) and the large, dark 
elongate nucleus (Pig. 218). 

Cholera. — Cholera is an Asiatic and tropical disease caused 
by the Cholera vibrio or comma bacillus. It spreads in epi- 
demic fashion, particularly by contamination of water and 
food. The infection is practically Umited to the intestinal 
tract, where there is an acute catarrhal inflammation, with 
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marked reddening of the mucosa. Profuse diarrhea, mth 
flakes of whitish material in the watery stools (rice water 
stools), is characteristic and results in profound dehydration. 

Ohronio Ulcerative Colitis* — Chronic ulcerative colitis is 
of debatable etiology but is usually considered as a specific 
entity. There is considerable evidence that some cases at 
least are chronic forms of bacillary dysentery. 



Fig. 219, — Chronic ulcerative colitis. (Courtesy Dr. H. C. Schmeisser.) 

The large intestine is involved, the rectum and sigmoid 
being affected earliest and most severely. Hyperemia and 
edema of the mucosa are followed by the appearance of small 
areas of necrosis and ulceration. Their coalescence produces 
large irregular and ragged ulcerations. Strips and tags of 
mucosa surrounded by the ulcerations become edematous and 
hyperplastic, projecting as inflamed polypoid masses. Even- 
tually the bowel wall undergoes a considerable fibrotic thick- 
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ening, and the ulcers heal by sear tissue. Stricture or stenosis 
of the bowel is thus a common complication, but perforation 
or severe hemorrhage is rare. Malignant change may occur 
in the polypoid mucosa. 

Regional Ileitis. — Regional ileitis (Crohn’s disease) is a 
hyperplastic granulomatous condition affecting distal por- 
tions of the ileum. It is characterized grossly by a marked 
regional thickening of the bowel wall with corresponding 
stenosis of the lumen, mucosal ulceration, and enlargement of 
regional mesenteric lymph nodes. Histologically, its unique 
feature consists of focal masses of epithelioid and giant cells 
in the involved submueosa and in mesenteric lymph nodes. 
These lesions may occur in small numbers or even be entirely 
absent. Important clinical features are a palpable mass in 
the abdomen, signs of chronic obstruction, abdominal pain, 
and loss of weight. 

The etiology is unknown, although it has been ascribed 
to a wide variety of infective, toxic, and vascular factors. 
Histologic similarity suggests a possible relationship to 
Boeck’s sarcoid.^^ It is to be distinguished from the gran- 
ulomatous lesions of tuberculosis and actinomycosis, which 
also commonly involve the ileocecal region, by the different 
histologic picture and demonstration of the specific causative 
organisms of the latter conditions. Lymphogranuloma in- 
guinale may involve the bowel and is differentiated by the 
presence of a positive Frei reaction, its microscopic appear- 
ance (see p. 151), and its usual involvement of colon rather 
than ileum. 

Regional ileitis appears grossly as a garden-hose thick- 
ening of a segment of ileum, either at or within a few feet of 
its termination. In its acute stage the involved area is red 
and edematous. Later, it tends to be rigid, firm, fibrous, and 
ulcerative. The bowel is dilated proximal to the constricted 
lumen of the involved segment. The adjacent mesentery con- 
tains enlarged lymph nodes. Perforation may occur but the 
effects are usually limited by peritoneal adhesions. 

Microscopically, the main feature is extreme thickening 
of the submucosa. This begins with a marked hyperplasia 
of lymphoid tissue, and the development of noncaseating 
aggregates of epithelioid cells and multinucleated giant 
cells. Tubercle bacilli cannot be demonstrated in these 
lesions. Similar sarcoid-like lesions are often present in the 
enlarged mesenteric nodes. Obstructive lymphedema is 
also constantly present in the thick submucosa. Ulcerations 
of various depth develop, floored by granulation tissue. 
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Eventually a diffuse cellular infiltration involves the bowel 
wall, with thickening of the muscular coat, and adhesions of 
the serosa. 

Tuberculosis. — ^Tuberculous infection of the intestine may 
be primary, the organics being ingested with milk or other 
food. More commonly it is secondary to a pulmonary lesion, 
due to swallowing of infected sputum. A considerable propor- 
tion of fatal cases of pulmonary tuberculosis show intestinal 
lesions. 



Fig. 220. — Tuberculous euteritis. Note the oval ulcers tending to 
encircle the bowel. The change in the serosal surface is seen on the 
left. (Courtesy Dr. H. 0. Schmeisser.) 

The lesions begin and are most common in the lower ileum, 
but from there extend upward and downward to involve small 
intestine and colon. The lymphoid tissue of the bowel is 
affected, and yellowish areas of caseous necrosis develop in the 
mucosa and submucosa. Ragged ulcers result from sloughing 
of this necrotic material. The lesions extend by lymphatics 
which run laterally, encircling the gut. Hence the ulcerative 
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lesions tend to be of elliptical shape, extending laterally and 
partially encircling the bowel. When such an ulcer is deep 
and extensive, its healing may produce marked contraction 
and stenosis of the bowel. The microscopic appearance is 
similnr to that of tuberculosis elsewhere, with caseous necrosis 
and lymphoid, epithelioid, and giant cells. Perforation of 
a tuberculous ulcer is uncommon and usually results only in 
a localized peritonitis or abscess formation, as peritoneal re- 
action has walled off the area. Severe hemorrhage rarely 
occurs because blood vessels in the lesions are involved by 
periarteritis and endarteritic changes as they are in tubercu- 
lous pulmonaiy cavities. Occasionally a hyperplastic form 
of tuberculosis occurs around the ileocecal region, with marked 
thickening of the bowel wall. Such lesions may be difficult to 
distinguish grossly from regional enteritis and tumors. 

Actinomycosis. — ^The ileocecal region or appendix is one 
of the common sites for actinomycosis. Characteristic fea- 
tures are thickening of the bowel wall, ulceration, and sup- 
purative areas containing the ray fungus. Pylephlebitic 
spread to the liver is a frequent complication. Appendectomy 
is apt to be followed by a chronic sinus or fistula, if the ap- 
pendiceal infection was actinomycotic. 

APPENDICmS 

Inflammation in the appendix has the same features and 
follows the same course as infiammation elsewhere. Its im- 
portance is due to its frequency as a serious surgical conation 
with a considerable mortidity. Obstruction of the appendiceal 
lumen by fecoliths and interference with vascular supply are 
important features in iia pathogenesis. Spread of the infec- 
tion beyond the appendix is the factor which causes mortality, 
rather than the lesion in the appendix itself. 

Etiology. — ^The full story of the cause of acute appen- 
dicitis is not yet Imown. The nervous strains and dietary 
habits of modern life have been vaguely invoked as predis- 
posing factors. The essential thing in causing the wall of 
the appendix to react with inflammation is invasion by 
bacteria. The common organisms in the inflamed appendix 
are colon bacilli and varieties of streptococci, organisms 
commonly found in the intestinal lumen. Obstruction and 
vascular occlusion are factors of tested importance in the 
etiology of appendicitis. They probably act by breaking 
down the resistance of the appendiceal wall to invasion by 
the potential pathogens in the lumen.^* 
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The importance of luminal obstruction has been reempha* 
sized by the work of Wangensteen and his associates.*** They 
have shown that an obstructed appendix having a norm^ 
mucosa may develop a secretory pressure approaching systolic 
blood pressure, thus presumably interfering with the blood 
supply of the tissue. Such obstruction may act as the ex- 
citing cause of typical acute appendicitis. The importance 
of occlusion of vascular supply to an area of the appendiceal 
waU has been shown by Felsen and Lewis.*® A segmental, 
rather than diffuse, involvement of the appendix would seem 
to have such an origin. 



Fig. 221. — ^Acute diffuse appendicitis with gangrene. (Courtesy Dr. 
H. 0. Schmeisser.) 


Morbid Anatomy. — ^Acute appendicitis is often classified 
as: (1) catarrhal, (2) diffuse, and (3) gangrenous. Ca- 
tarrhal appendicitis is one in which inflammation is 
limited to the mucosal and submucosal layers. It is usually 
a mild type, or an early stage of the diffuse type. In diffuse 
appendicitis the muscular and serosal layers are involved as 
well. In gangrenous appendicitis there is the added condi- 
tion of necrosis. 

The beginning of acute appendicitis is usually a superficial 
ulceration of the mucosa. Spread occurs from the mucosa to 
the serosa in a wedge-shaped area and then travels rapidly 
lengthwise in the muscular and serous coats. Grossly, the 
appendix appears swollen, the serosal vessels are congested, 
and the surface of the serosa has lost its normal shininess, or 
may be covered by discernible fibrinous exudate. The 
muscular walls are thick and edematous. The mucosa may 
show areas of hemorrhage and ulcerations. A cause of 
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luminal obstruction often is found in the form of a fecolith 
(a firm, dried, fecal concretion), or it may be due to marked 
fibrous thickening of a portion of the appendiceal wall. Over 
a large fecalith the wall is apt to be thin and gangrenous. 
Gangrenous areas show a grayish-green or black discoloration, 
have a thick flaky layer of fibrin on the surface, and often 
a small perforation. 




Pig. 222. — Acute appendicitis. The lumen is distended and filled with 
pus. (Courtesy Dr. H. C. Schmeisser.) 

Microscopically, the early stage of acute appendicitis is 
often difficult to discern, particularly if the section is not 
through exactly the right area. The normal lymphoid cellu- 
larity of the mucosa and submucosa may be confusing. Gran- 
ular leucocytes are more easily distinguishable in early cases 
by the use of an oxydase stain.®^ Ulceration of the mucosa or 
a purulent exudate in the lumen may be seen if the section is 
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through the proper area. In most cases of acute appendicitis 
the diagnosis is obvious from the infiltration of leucocytes 
in the muscular and serous layers. 

Complications of Acute Appendicitis. — Many milder cases 
of acute appendicitis subside ■without surgical interference, 
but in other cases spread of the infection may occur with 
serious or fatal results. Such spread is usually to the peri- 
toneum as a result of gangrene or perforation. If there has 
been opportunity for file walling off and limitation of the 
infection to the region around the appendix, a localized 
abscess may result. This localized peritonitis is much less 
dangerous than the generalized peritoneal spread which quite 
commonly occurs. In some eases spread from the appendix 
is by infection of portal veins draining the inflamed organ 
(pylephlebitis) and leading to the production of multiple 
abscesses in the liver. 



!EHg. 233. — ^Fecalith of appendix. (Ooartesy Dr. H. C. Sehmeisser.) 

Chronic Appendicitis. — Chronic appendicitis has been a 
subject of controversy because it is often difficult to cor- 
relate the clinical symptoms attributed to the appendix -with 
the anatomic findings. In some cases there is evidence of ob- 
struction, from a fecalith or other cause, but without any 
active inflammatory process discernible in the wall of the 
appendix. Very often the anatomic finding is a fibrous thick- 
ening of the submucosa and mucosa, ■with atrophy of the 
mucosal glandular elements, and -with or -without a hyper- 
plasia of the submucosal lymphoid tissue. In its extreme 
degree such fibrosis may completely obliterate the lumen. 
This fibrosis is believed, in many eases, to be the end result or 
healed stage of previous recurring attacks of acute inflamma- 
tion. An appendix -with complete obliteration of the lumen 
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is unlikely to become inflamed again, but partial obliteration 
may predispose to recurrent inflammation. 

Masson’s studies®® have indicated that in some cases the 
thickening of the submucosa and obliteration of the lumen 
are due largely to proliferation of smooth muscle bundles 
and nervous elements associated with Meissner’s plexus, the 
so-called musculo-nervous complex of the appendix. Atrophy 



Fig. 224, — Obliteration of lumen of appendix.' (Courtesy Pr. H. C. 

Schmeisser.) 

of lymphoid tissue and glandular mucosa tends to occur along 
with the hypertrophy and h^erplasia of sympathetic nerves 
wd muscle fibers. Tiny, discrete neuromas may be formed 
in the submucosa. It is not known whether infiammation is 
the stimulus for this process. 

A lymphoid type of chronic appendicitis has been described 
by Pausset.*® Lymphoid tissue is a normal constituent of the 
submucosa of the appendix, and particularly in young inr 
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dividuals it may be very abundant, but in older people it 
gradually atrophies. There may be, however, a marked chronic 
h 3 T)erplasia of this lymphoid tissue, associated with atrophy 
of the glandular elements of the mucosa and gradual sub- 
mucosal fibrosis. The condition may progress to fibrous 
obliteration of theTumen. 

Lesions of the Appendix in Measles. — In measles the 
lymphoid tissue «f the appendix, as well as in tiie throat, 
spleen, and remainder of the intestinal tract, is markedly 
hs^perplastic. In early stages there are characteristic giant 
ceils in the mucosa and lymph follicles. 

Oxytiris Vermicnlaris Infection of the Appendix.— In chil- 
dren pinworms commonly infect the appendix, where they 
may obstruct the lumen. In most instances they cause little 
damage, hut in some cases may be associated with the clinical 
picture of acute appendicitis.”’ **> ** (See p. 172.) 

Mucocele of the Appendix. — Complete obstruction of the 
proximal portion of '^e appendix sometimes results in a 03 ^ 
like dilatation (mucocele) of the distal part. The contents of 
the dilated sac are a thick mucoid material In some instances 
rupture of the mucocele may cause pseudomyxoma peritonei. 
This latter condition is more commonly a complication of 
ovarian pseudomucinous eystadenoma. 

Diverticula of the Intestine 

A diverticulum of the intestine may be true or false. A 
true diverticulum has all layers of the bowel in its wall, 
the common example being the congenital Meckel’s diver- 
ticulum. False diverticula are acquired herniations of the 
mucosa through a weak place in the muscularis of the bowel. 
Their walls contain only mucosal and serosal layers. They oc- 
cur in both small and large intestine, being particularly com- 
mon in the latter. 

Meckel’s Diverticulum. — ^Meckel’s diverticulum is due to 
persistence of the proximal portion of the omphalomesenteric 
duct, which normally atrophies during early fetal life. It is 
found in about 2 per cent of individuals. It varies up to 30 
cm. in length but is usually about the size of a small finger. 
It is situated one to three feet proximal to the ileocecal junc- 
tion. Its structure is similar to that of the bowel wall, but 
heterotopic tissue, such as gastric or duodenal mucosa, or pan- 
creatic tissue may be found in it. Peptic ulcer, subject to the 
complications of hemorrhage and perforation, has been re- 
port in such tissue. < 
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The commonest lesion of a Meckel’s diverticulum is inflam- 
mation. Pathologically, this is similar to appendicitis, which 
it may mimic ctoieally. More rarely, it may promote in- 
testinM obstruction by intussusception or adhesions, or it 
may be the seat of a tumor. 

Acquired Diverticula. — ^The common situations for diver- 
ticula are the duodenum and colon, but they also occur in the 
small intestine. These are commonly false diverticula, though 
some may have muscle flbers in their walls. In the small 
intestine they occur along the mesenteric attachment, whereas 
in the colon they are situated away from the mesenteric at- 
tachment between the tenia or longitudinal muscular bands of 
the colon. The descending and sigmoid portions of colon have 
the highest incidence. The protrusion often is into appendices 
epiploica, so that the diverticula are readily overlooked. 
They vary up to several centimeters in diameter. Micro- 
scopically, their wall is found composed of a thinned mucosa 
and serosa between which may be a few connective tissue 
and muscle fibers. 

When present without complications, the condition is known 
as diverticulosis. The common complication is inflammation 
or diverticulitis. This is promoted by the lodging of fecal 
matter in the sacs. Spread of inflammation to surrounding 
tissue (peridiverticulitis) may occur also. The chronic in- 
flammatory process causes thickening of the bowel wall and 
adjacent tissues,' with constriction of the lumen of the bowel. 
The gross appearance may closely simulate that of carcinoma. 

Stricture of the Bectum 

A variety of inflammatory processes, scar contractions and 
tumors may cause rectal stricture. It is particularly com- 
mon as a complication of lymphogranuloma inguinale in 
females. This virus infection spreads by lymphatics from 
the primary lesion on the genitab. The ^stribution of lym- 
phatics in females is such as to involve perirectal tissue, where- 
as in the male, the spread is usually to inguinal lymphatics. 
The rectal involvement is a chronic pro^essive granulomatous 
inflammation which leads to serious stricture. 

Pilonidal Sinus 

Pilonidal sinus, or sacrococcygeal sinus, is a very common 
congenital lesion, believed to be a remnant of the neurenteric 
canal, or m infolding of the epithelial layer of skin- It occurs 
in the midline a few centimeters posterior to the anus, the 
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sinus extending inward toward a cystic cavity in the subcu- 
taneous tissue above the saerocoeeygeal vertebrae. Microscop- 
ically, the usual features are hair foUides or shafts, multinu- 
deated giant cells of the foreign body type, and abundant 
lymphocytes and plasma cells. Troublesome recurrence is apt 
to follow incomplete removal or infection in adjacent tissue. 
Malignahcy in a pilonidal sinus is extremely rare. 



Fig. 225. — ^PUonidal buiub. Note the shafts of hairs, some of which 
have foreign body giant cells around them, and the infiltration of 
daronic inflammatory cdls. 

Intestinal Obstruction 

Complete obstruction to the passage of intestinal con- 
tents, either by a mechanical obstruction of ' the lumen (dy- 
namic obstruction) or by a paralysis of the bowel waU (ady- 
namic or paralytic obstruction) will bring about death in a 
rdatively short period of time unless refieved. Such com- 
plete obstructions may be cillled acute, to distinguish them 
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from the partial mechanical obstructions of bowel lumen, 
which are compatible with life for long periods and hence 
are termed chronic obstructions. 

The chronic, partial, mechanical obstruction of the intes- 
tine may be caused by a large variety of conditions, such as 
tumors in the bowel or pressing on it from the outside, ad- 
hesive or fibrous bands, impacted feces, etc. Above the point 
of obstruction the bowel is distended and there is hyper- 
trophy of the muscular wall. There is, of course, danger 
that the obstruction may become complete and acute at any 
time. 

An acute obstruction may be a simple mechanical obstruc- 
tion, or there may be an associated interference with the 
blood and nerve supply of the intestine, in which ease it is 
said to be strangulated. Interference with the blood supply 
to a segment of intestine, as in thrombosis of mesenteric ves- 
sels, results in a paralytic obstruction (paralytic ileus), al- 
though there may be no mechanical blockage. Obstructions 
with strangulation occur in hernias, and as a result of 
volvulus (twisting) or intussusception. Necrosis or infarc- 
tion of the bowel wall occurs unless the blood supply is 
promptly restored. The involved portion of intestine be- 
comes congested, edematous, hemorrhagic, and finally gan- 
grenous. XJlcerations occur in and above obstructed portions 
of intestine (stercoral ulcers). 

The actual cause of death in* intestinal obstruction has 
been a matter of much study and debate. The effects vary 
depending upon the site and type of obstruction. High up 
in the intestinal tract, obstruction causes excessive vomiting 
with dehydration and chemical disturbances due to great 
loss of water and chlorides. In experimental obstructions 
life can be greatly prolonged simply by replacing these sub- 
stances. In low intestinal obstructions, dehydration and elec- 
trolyte loss may or may not be very marked, and death ap- 
pears to be due rather to the absorption of toxic substances. 
The exact nature of the toxic material is not clear. Part of 
the toxicity appears to be caused by histamine or a related 
substance, though multiple toxins probably are involved. 
The toxicity may be due to bacterial action on injured intes- 
.tinal tissue. 

Hernia. — ^An abdominal hernia is an abnormal protrusion 
of abdominal viscera outside the usual confines of the ab- 
dominal wall. Such protrusion may be through the inguinal 
canal, femoral canal, at the umbilicus, through a weak scar 
of an abdominal wound (ventral hernia), or through the 
diaphragm. Internal hernias are protrusions into intra- 
abdominal pouches. 
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A hernia becomes strangulated when there is a tight con- 
striction of the loop of bowel at the neck of the sac. The 
constriction first compresses veins, in which the pressure is 
low, causing congestion and swelling of the herniated loop. 
This in turn increases the constriction until eventually the 
arterial supply is cut off as well, and the involved tissue 
soon becomes gangrenous. 



Fig. 226. — Congenital diaphragmatic hernia. Note the stomach 
and loops of bowel in the left thoracic cavity. The diaphragm is held 
in the forceps. 

Diaphragmatic Hebnu. — ^Herniation through the dia- 
phragm may be congenital, i.e., due to abnormality of de- 
velopment, or may be acquired, as the result of trauma or 
wounds of the diaphragm.®*’ ** 

Congenital Heniia is quite frequently encountered in new- 
born or yoxmg children. It is about ten times more frequent 
on the left side. The hernia may be true, with existence of 
a hernial sac composed of peritoneum and pleura. More 
commonly the hernia is false, no hernial sac existing as the 
pleura and peritoneiun are absent over the opening. Con- 
genital false hernia is due :to abnormal persistence of the 
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pleuroperitoneal canal, -which connects the primitive pleural 
region -with the abdominal region and normally becomes 
covered by a membrane about the seventh or eighth week of 
fetal life. There is usually associated an excessive mobility of 
the intestinal tract due to abnormal attachment of mesenteries. 

Herniation may also occur through the esophageal hiatus. 
Other types of intra-abdominal hernias may occur, most com- 
monly in or about the paraduodenal fossae, into the transverse 
mesocolon, or through the foramen of Winslow.*^ 

VoItuIus. — Volvulus is a twisting or rotation of a loop of 
bowel, which, by its occlusion of blood vessels, may result in 
strangulation. The coil of intestine becomes obstructed and 
gangrenous. 

IntussusceptLon. — ^The invagination or passage of one por- 
tion of intestine into another segment is known as intussus- 
ception. The invaginated part tends to be carried along 
by peristaltic activity, dragging -with it mesentery and blood 
vessels, which eventually become obstructed, so that there 
occurs congestion, edema, hemorrhage, inflammation, and 
adhesions. These changes may make reduction very di£B- 
cult. Necrosis of the invaginated segment eventually de- 
velops. The condition is more common in young children, 
usually beginning in the ileocecal region. Sometimes pol3T)s 
or other tumors of the intestine are dragged along by 
peristalsis and start an intussusception. Miitiple small in- 
tussusceptions of the small bowel are common at autopsy. 
They are due to irre^lar intestinal contractions at the time 
of death, and being without inflammatory changes, are easily 
reduced. 

Congenital Megacolon. — ^Megacolon, or Hirschsprung’s 
disease, is a marked dilatation of the large intestine, usually 
throughout its entire length, with hypertrophy of the muscle 
fibers. The condition is congenital. Its exact etiology is 
unknown, though imbalance of nerve supply to the colon and 
sphincters has been postulated. The distended bowel pro- 
duces considerable abdominal enlargement, and fecal evacu- 
ations occur only after abnormally long intervals. 

Intestinal Lipodystrophy (Whipple’s- Disease) 

Hare cases have been described in which there appears to be 
a disturbance of fat excretion and reabsorption from the in- 
testines. Fatty diarrhea, accompanied by (iylous ascites, a 
slight hypochromic anemia, and progressive emaciation pro- 
ceeds to a fatal ending. The mucosa of the small intestine 
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shows dilated lymphatics; mesenteric lymph nodes are en- 
larged, have lost their normal architecture, and show dilated 
spaces and sinuses filled with amorphous fat or large foamy 
macrophages and some multinueleated giant cells,®®* ®®* 

Melanosis Goli 

Melanosis coli is a bro’vvn or black discoloration of the 
mucosa of the large intestine due to a melanin-like pigment 
held in large mononuclear cell's. The pigment may also be 
found in the submucosa, and sometimes in mesenteric lymph 
nodes. Stasis of intestinal contents due to constipation or 
chronic obstruction is believed to promote absorption of pro- 
tein disintegration products which then are converted into 
pigment by a tyrosinase-like ferment. 

Tumors of Small Intestine 

Tumors are uncommon in the small intestine. Various 
benign tumors, such as fibromas, myomas, and lipomas may 
involve the smsll bowel, but carcinoma is very rare. Lympho- 
sarcoma may involve ileum as well as the region of the 
cecum or ^cending colon. 

Carcinoid Tumors. — Carcinoids are tumors which are car- 
cinoma-like histologically, though benign or of very low 
malignancy. They are quite common in the appendix, less 
frequent in other parts of the intestine. They appear as 
small tumors in the mucosa and submucosa, of distinct yel- 
lowish color due to a high lipoid content. In the appendix 
they are usually near the tip and may form an annular thick- 
ening which encircles the lumen. Microscopically they con- 
sist of clumps or masses of spheroidal cells with distinct, 
nuclei but ill-defined cell borders. No glands are seen, 
though there may be some simulation of rosette formation. 
Mitoses are rare. There are granules in cytoplasm which 
stain with chrome and silver salts (hence sometimes they are 
termed chromaffinomas or argenta^omas). 

These tumors are believed to arise from Kultschitsky cells, 
which are argentaffine and chromaffine cells found at the base 
of Lieberkiihn’s glands, and common about the terminal 
ileum and appendix. The carcinoids of the appendix are al- 
most Avholly benign. Those in the small intestine may have 
a limited degree of malignancy and show local invasion and 
metastasis to lymph nodes. Carcinoids of the appendix must 
be distinguished from th6 rare true adenocarcinoma of the 
appendix by; (1) situation in the distal rather than the 
proximal part of the appendix, (2) the distinct yellow color ; 
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(3) argentafSne and ch.roinaffine granides in the cytoplasm; 

(4) lack or paucity of metastases; and (5) absence of glandu- 
lar arrangement. 

Tumors of the Colon and Bectum 

Unlike the small bowel, the colon and rectum are com- 
mon and important sites of carcinoma. The incidence is 
greatest in the sigmoid and rectum (55 per cent to 70 per 
cent), in the transverse colon and flexures (20 per cent), 
and in cecum and ascending colon (25 per cent). They are 
firequently preceded by benign adenomas or adenomatous 
polyps, which undergo malignant change. The tumors vary 
in rate of growth and degree of malignancy, but in many 
cases metastatic ^read is late, and cure is possible by ex- 
cision. Grading is helpful in prognosis. The age of great- 
est incidence is after fifty years, but younger ages are not 
exempt. Cai'cinoma of the rectum is ^ghtly more frequent 
in males, and carcinoma of the colon is more frequent in 
females. 



Fig. 228. — Carcinoid tamor of the aypendiz. The moscnlar layers 
of the appendiceal wall are seen on the left. 

Adenoma and Polyposis. — ^Polyposis of the colon and rec- 
tum is common and is a weU-established precancerous le- 
sion.**' ** Most of these (60 per cent or more) occur in the 
descending cobn, sigmoid, and rectum, i.e., the same areas in 
which carcinoma is most frequent. The pwilyps are true 
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adenomatous tumors, to be distinguished from the inflamma- 
torj' and h3T)erplastie areas of mucosa which simulate them in 
chronic dysentery and ulcerative colitis. There are two types 
of polypoid disease of the intestine: (1) Diffuse polyposis, 
in which large numbers of polyps involve the colon and rec- 
tum, and (2) localized or solitary poljTposis, in which there 
are only one or a few polsps present. A definite hereditary 
factor is important in etiology. About 15 to 20 per cent of 
carcinomas of the bowel arise from these benign tumors. All 
stages in the change from normal mucosa to adenocarcinoma 
have been studied. About 50 per cent of all polyps are be- 
lieved to undergo malignant change eventually. 

Differentiation of benigp polyps from those which have be- 
come malignant may be difficult. Lesions fixed to the mucous 
membrane by a broad base are more apt to be malignant 
than those with a pedicle. Tendency to ulceration is greater 
in the malignant polyps. Since malignant change can oc- 
cur in any part of a polyp, sections from various por- 
tions must be examined before malignancy can be ruled out. 
Sections from the base and from the tip are particularly apt 
to show malignancy. The important criteria of malignancy 
are (1) invasion of underlying tissue (muscularis mucosa) 
or of lymphatics or blood vessels; (2) anaplasia of the epithe- 
lial eeUs; and (3) disorderly arrangement of glands. 

Less common benign tumors of the large intestine are 
lipomas, leiomyomas, and carcinoids.*^ 

Carcinoma of Colon and Rectum. — 

Gross Features. — The two main gross types are: (1) 
Annular and constricting and (2) papillary. The annular 
constrlcti^ type is often ulcerative. It grows around the 
bowel, thickening and contracting the wall and narrowing 
and obstructing the lumen. The papillary variety grows as 
a bulky mass projecting into the bowel lumen, llius ^ving 
rise to symptoms of obstruction. Necrosis and infection of 
the tumor mass and infl.ammatory l3nnphadenitis are com- 
mon with this type. 

HtSTOLoaic FEATURES.~Histologically, the tumors nearly 
always show some tendency to gland formation and hence may 
be termed adenocarcinoma. When this tendency is slight, the 
tumor cells form solid masses with scanty* alveolar formation, 
and hence the tumor is of a medullary tjpe. Stroma is often 
scanty or moderate in amount, but it may be so abundant 
that the tumor is scirrhous. Mucinous degeneration Is found 
in about 5 per cent. This may be a mucoid change in individ- 




Plate X. — Carcinoma of the rectum. (Courtesy Commander Clark E. 
Brown, M.C., USNE.) 
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ual cells, so that they have a signet ring appearance, or the 
mucoid material may be formed by the tumor alveoli, with 
mucinous deposition in a considerable area, in which but few 
tumor cells are evident. 



Fig. 229. — ^Adenocarcinoma of sigmoid colon. The tumor encircles 
the bowel and constricts the lumen. Note the dilatation of the colon 
proximal to the region of chronic obstruction. (Courtesy Dr. H. C. 
Schmeisser.) 

Grading. — GlassifLcation according to degree of malignancy 
is important for prognostic and therapeutic purposes. There 
are two main methods of grading, Broders’“ and Dukes ’,‘® 
and these methods are combined** for greatest effectiveness. 
The histologic method of Broders is based on the criteria of 
invasiveness, glandular arrangement, nuclear polarity, and 
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frequency of mitosis and indicates rate of growth of the tumor. 
Grinnel used these criteria for three grades of malignancy. 
Grade I is characterized by well-differentiated, compact gland- 
ular structure, nuclei of cells close to basal portion, little tend- 
ency to invasion of surrounding tissue, and infrequent mitoses. 
These tumors most nearly resemble adenomas and are some- 
times termed “malignant adenomas.” Grade II tumors have 
glandular arrangement preserved but irregular, nuclei in 



Pig. 230. — ^Adenocarcinoma of cecum. The pamUary tumor is projecting 
into the lumen. (Courtesy Dr. H. C. Schmeisser.) 

variable positions, a greater invasive tendency, and more fre- 
quent mitoses. In Grade III the glandular structure is almost 
completely gone, cells grow in solid masses, the cell polarity 
is lost, invasion is irregular, and mitoses are numerous. 

The mucoid carcinoma of signet ring type tends to be of 
high malignancy, in Grade II or III, while those not of the 
signet ring type are of lower malignancy, Grade I or II. 
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Dukes’ method of classification is based on the de^ee of 
spread. In group A are placed the carcinomas which have 
not spread through the rectal wall, in group B, those which 
have penetrated the rectal wall but have not invaded the 
adjacent lymphatics, and in group C, those which have in- 
vaded the local lymphatics. 



Fig. 231. — Carcinoma of rectum. Tlie tumor has invaded the vaginal 
wall with production of a rectovagiiial fistula. (Courtesy Dr. H. C. 
Schmeisser.) 

In any large group of cases, there will be a fairly close cor- 
respondence in results of the two methods, but a combination 
of the two results in most accurate prognosis. 
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Spread and Metastasis. — Spread tends to be earlier in the 
flat, sessile growths than in the papillary tj^pe. It occurs by 
gro^vth laterallj’^ around the bowel and outward through the 
wall. Local IjTnphaties then become affected. Prom a rectal 
cancer, this lymphatic involvement may be downward, lateral- 
ward, or frequently upward along the superior hemorrhoidal 



Fig. 232. — Adenocarcinoma of rectum; with perforation. (Courtesy 
Dr. H. G. Schmeisser.) 


vessels by way of the retrorectal lymph nodes to the nodes of 
the pelvic mesocolon. Spread by blood stream most commonly 
produces metastasis in the liver. Next to liver and regional 
lymph nodes, peritoneum and lungs are the moat frequent 
sites of metastasis. 
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Effects. — The disturbances produced by carcinoma in the 
colon and rectum depend upon the type of growth. Because 
the symptoms are often slight until a late stage, the condition 
must be kept in mind and investigation made on the least sus- 
picion. Ulceration is usually accompanied by slight bleeding, 



Fig. 233. — ^Adenocarcinoma of reictum. The edge of the tumor is 
shown in each figure, with the transition from normal to malignant 
spith^um. In the uppeir figure note the invasion of the submucosa, 
and the mucoid diameter in some areas. 
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SO that blood is detectable in the stools. Chronic obstruction 
is often a late development, usually in the annular stenosing 
type of carcinoma. The bowel above the obstruction is dilated. 



Fig. 235. — ^Mucoid carcinoma, metastasis in a lymph node. 


FEBITONEUM 

The peritoneum is a closed sac in the male, but in the 
female communicates with the genital tract by openings at 
the ends of the Fallopian tubes. The smooth, shiny perito- 
neal lining is composed of flattened mesothelial cells, beneath 
which are a basement membrane and a small amount of con- 
nective tissue containing abundant blood vessels and lym- 
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phaties. The total surface area is very large, and through 
the peritoneum there is ready absorption, with equal facility 
in all parts. The omentum actively functions to wall off 
inflamed areas and to retard the spread of peritonitis. In- 
flammation is the most important lesion of the peritoneum. 
Ascites is the accumulation of excessive fluid in the perito- 
neal cavity. Primary tumor (mesothelioma) of the peri- 
toneum is rare, but metastatic growths involving peritoneum 
are common. Mesotheliomas may have epithelium-like struc- 
tures, but do not secrete mucin. 

Peritonitis 

Infection of the peritoneum may result by spread (1) 
from a ruptured viscus (e.g., perforated peptic ulcer or gan- 
grenous appendix), (2) through an injured but unruptured 
bowel wall (e.g., in infarct of bowel), (3) from or by way 
of the internal genital organs (e.g., in puerperal endometritis, 
and primary pneumococcic peritonitis), or rarely (4) through 
tihe blood stream. The peritoneal infection may be waUed off 
so as to be limited to a localized area, as in periappendiceal 
abscess or subphrenic abscess, or there may be generalized 
involvement. Death may be due to absorption of toxins, or 
to paralytic obstruction of a portion of intestine. 

Acute peritonitis has been described as occurring ih hyper- 
emie, exudative, and plastic stages. These changes may be 
found locally or diffusely. In the hyperemic stage one sees 
marked dilatation and congestion of peritoneal vessels, giving 
the peritoneal surfaces a pinkish-blue color. This stage oc- 
curs early, probably within an hour after the perforation of 
an ulcer. It is rapidly followed by the exudative stage in 
which inflammatory cells and fibrin accumulate on the sur- 
faces, and there is an increase in the amount of fluid in the 
peritoneal sac. In the plastic stage the exudate forms ad- 
hesions walling off the affected region or joining peritoneal 
surfaces. Organization or fibrosis may occur. 

Fecal peritonitis is due to colon bacilli, which are common 
causative organisms in peritonitis. There is usually an abun- 
dant purulent exudate, which may have a fecal odor. . Strep- 
tococcal peritonitis is often a fulminating infection, in whi^ 
only a thin, serous exudate is found. It is one of the most 
serious types of puerperal infection. Gonococcal peritonitis 
is usually localized to the pelvis, having origin from an in- 
fected fallopian tube. It tends to become chronic and forms 
fibrous adhesions. FnefnmqcOGcal peritonitis may be primary 
in female children, the organisms reaching the peritoneum 
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through the fallopian tubes, or it may be secondary to 
pneumococcal infection in the lung^ or elsewhere. It is a 
common complication of the nephrotic syndrome in children. 

Tuberculous peritonitis commonly results from local spread 
of the infection from the fallopian tube, intestine, or a mesen- 
teric lymph node, but hematogenous infection from distant 
sources may occur. Tiny tubercles may fleck all peritoneal 



Pig. 236. — Tuberculous peritonitis. The viscera are bound together 
by dense tuberculous exudate and granulation tissue. (Courtesy Dr. 
H. 0. Schmeisser.) 


surfaces. They appear as yellowish opaque spots surrounded 
by a reddish zone. The exudate may be very abundant and 
serous, so that a large amount of fluid accumulates in the 
peritoneal cavity. This is the moist form. A dry or plastic 
type also occurs, characterized by matting together of ab- 
dominal viscera by firm adhesions or by a dense granulomatous 
tissue. 
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Various rare tj[pes of peritonitis also occxir, such as the 
rheumatic and actinomycotic forms. 

Ascites 

In ascites (edema of the peritoneal cavity) very large 
amounts of transudate may accumulate. It is seen in con- 
ditions in which edema is generalized, as in congestive heart 
failure, nutritional edema, nephritis and in obstructions to 
the portal circulation, as in cirrhosis of the liver. The 
watery fluid has a low specific gravity (usually less than 
1.015), and low protein content (less than 2 or 3 per cent). 



Fig. 237. — ^Tuberculous peritonitis, plastic (dry) type. Section 
through, the intestinal mass seen in Fig. 236. (Courtesy Dr. H. C. 
Sduueisser.) 

Fluid accumulation in the abdomen also may be an exudate 
due to inflammation, as in the moist form of tuberculous 
peritonitis. In such cases the fluid had a higher cellular and 
protein content, and higher specific gravity. Tumor metas- 
tasis to the peritoneum also may be associated with abundant 
fluid, particular!;^ ovarian cystadenocarcinomas. It is often 
possible to identify tumor cells in the centrifuged sediment 
of such fluid. 
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CHAPTER XX 

ENDOCRINE GLANDS 


THE PITUITARY GLAND (HYPOPHYSIS) 
Structure and Function 

The pituitary is a small endocrine structure situated in 
the sella turcica. Its main divisions are into anterior and 
posterior lobes. At the posterior part of the anterior lobe 
is the pars intermedia, though in man this has no distinct 
histologic separation from the anterior lobe. The important 
anterior lobe arises from Rathke^s pouch (craniophar^- 
geal duct) an evagination of the roof of the posterior 
nasopharynx. Prom there the cells migrate upward to reach 
their final position in the sella turcica. Small portions of 
pituitary tissue may be left along this course and give rise 
to epithelial tumors (Rathke’s pouch tumors), or simply 
remain as small remnants of pituitary tissue. Such ectopic 
nests of pituitary tissue are most often f oiuid in the pharyn- 
geal mucosa (pharyngeal pituitary gland) or in the body of 
the sphenoid bone. The posterior lobe develops as a down- 
growth from the floor of the third ventricle and hence is of 
nervous origin. The posterior lobe becomes enveloped an- 
teriorly by tiie anterior lobe. 

The anterior lobe contains three main types of cells. 
About 50 per cent are chromophobe cells, which have a 
cytoplasm devoid of specific granulation. The chromo- 
phobes give rise to the other two types, acidophiles (40 per 
cent) and basophiles (10 per cent) by the accumulation of 
i^ecific cytoplasmic granges which respectively stain red 
with acid dyes and blue with basic dyes. In castrated or 
aged individuals there is a vacuolation of the basophiles, and 
in certain castrated animals the vacuolation is suJEcient to 
produce a distinctive “signet ring'^ type of cell. Also 
during pregnancy there is in the hypophysis a somewhat dis- 
tinctive type of cell, which is apparently a specialized 
acidophile of high secretory activity.^ 

The anterior lobe elaborates a number of principles, 
though it is uncertain how many of these may be 
distinct hormones. These may be grouped as : (1) a growth- 
promoting principle; (2) principles stimulating other glands, 
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such as thyroid, parathyroid, adrenals, gonads, etc.; and 
(3) principles regulating metabolism of certain substances, 
such as fat, water, and nitrogen. It seems established that 
the growth-promoting hormone is elaborated by the acido- 
philes. Regarding the site of formation of the other hor- 
mones, there is more uncertainty. The chromophobes are 
apparently without secretory function. 

The posterior lobe is composed of neuroglial cells (pitui- 
cjrtes), nerve fibers, and some hyaline bodies. This portion 
of the pituitary is connected by nerve tracts with nuclei of 
the floor of the third ventricle, which perhaps control its 
activity. The function of the posterior lobe is a matter of 
debate, but it probably influences (1) water balance, by con- 
trol of urine flow; (2) carbohydrate metabolism; and (3) 
the onset of parturition. An extract of the posterior lobe, 
pituitrin, contains two powerful fractions: pitoein, which 
stimulates uterine contractions, and vasopressin, which con- 
stricts arterioles. Whether these substances are actually 
formed in the posterior lobe or are from the pars inter- 
media is still in dispute. 

The pars intermedia contains the same cells as the an- 
terior lobe, though basophiles are more numerous. A few 
small cystic spaces containing pink staining colloid-like ma- 
terial are usually present at the junction with the posterior 
lobe. A few basophiles which are sometimes found in the 
posterior lobe are probably derived from the pars inter- 
media. 

« 

Diseases of the Pituitary 

Pathologic changes in the pituitary may be : (1) adenomas 
or hyperplasias, which may result in pituitary hyperfune- 
tion, pressure effects, or both; (2) des^ctive lesions, as a 
result of mflammation, thrombosis, embolism, atrophy, or 
pressure from adjacent tumors. These changes are associ- 
ated with hypofunction of the gland. 

Petoitabt Adenomas 

Chromophobe Adenoma. — Chromophobe adenoma is the 
most common type of pituitary tumor. It varies from less 
than a millimeter to several centimeters in diameter. Since 
the chromophobes elaborate no specific hormone, the effects 
are due simply to pressure of the expanding growth. Such 
pressure effects are on the surrounding glandular tissue of 
the pituitary, the bony and membranous walls of the sella 
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turcica, and the optic chiasm. Pressure on the surround- 
ing normal glandular tissue may produce various symptoms 
of hypopituitarism. 

Addophile Adenoma. — Tumors composed predominantly 
of acidophiles cause clinical syndromes prominently featured 
by overproduction of growth hormone. If the adenoma 
develops within the growing period before ossification is 
complete, giantism results; if after bone growth is com- 
pleted, acromegaly is produced. Acromegaly is charac- 
terized by overgrowth and thickening of bones, conspicu- 
ous in the skull, face, mandible, and peripheral portions of 
extremities. Overgrowth of viscera and fibrous hyperplasia 
of skin and subcutaneous tissue also occur. Other dis- 
turbances usually present are sexual disorders of impotence 
or amenorrhea, and glycosuria. Eventually pressure effects 
result from continued growth of the adenoma. The pressure 
first may be on other portions of the gland, giving rise to 
evidence of hypopituitarism, then on suprasellar regions 
where pressure on the optic chiasm or optic nerves produces 
visual disturbances. 



Kg. 238. — Chromopliobe adenoma of pitnitary. 

Basophile Adenoma. — ^The least common type of pituitary 
adenoma is composed of basophilic cells. It is associated 
with a clinical condition, known as "Gushing’s sym^me” 
or “pituitary basophilism." The clinical features are 
obesity (confined to the face, neck, and tnmk), hyperten- 
sion, polycy^emia, a dusky cyanotic tinge of the nkin, 
purplish striae on the breast and abdomen, hirsutism and 





ENDOCRINE GIxANDS 


519 


sexual disturbances. In 1932 Cushing pointed to the fre- 
quent association of this syndrome with a pituitary baso- 
philic adenoma or hyperplasia. Later studies have shown 
that the association is not constant. Similar or identical 
clinical synudromes may occur with an adrenal cortical tu- 
mor or hyperplasia, or more rarely with a thymic tumor or 
atrophy of the paraventricular nuclei of the hypothalamus, 
probably seconda^ to a slight internal hydrocephalus.* 
However, the clinical syndrome does seem to be quite con- 
stantly associated with a degenerative change in the pitu- 
itary basophiles. This change, consisting of replacement 
of ^e cystoplasmic basophilic substance by a hyaline ma- 
terial, has been described by Crooke® and verified by others.* 
Much evidence indicates a close association of lie pituitary 
and hypothalamic centers.® High values in the assay of 
urinary 17-ketosteroids suggest the presence of an adrenal 
tumor.® 


The Pituitabv in Diseases of Other Organs 

Cellular changes in the anterior pituitary in association 
with various other conditions are less well established.® 
Basophiles have been reported to be numerically increased 
in hypertension, glomerulonephritis, and obesity. Them 
number is greatly reduced in Addison’s disease. Eydatidi- 
form mole and ehorionepithelioma produce changes in the 
pituitary similar to those in pregnancy. 

Htpopittjitabism 

Injuries or destructive lesions of the pituitary are not fre- 
quent. Pressure effects may be produced by tumors in or 
around the seUa. Syphilis may cause a diffuse fibrosis of the 
pituitary. Septicemia and embolism occasionally affect the 
hypophysis. The most common type of severe injury is a 
necrosis which occurs after childbirth, particularly in those 
eases in which there have been severe post-partum hemor- 
rhage and coUapse. The necrotic area xmdergoes fibrosis, 
and if it is extensive, hypopituitarism results. 

Simmonds’ Disease.-^immonds’ disease is the result of 
severe hypopituitarism in the adult.® The condition is 
uncommon in men, as most eases appear to be the late ef- 
fects of a post-partum necrosis of the pituitary. The condition 
is characterized by severe cachexia, loss of sexual function, 
low metabolic rate, weakness, loss of hair, pigmentation of the 
skin, and premature senility. N^ot only is there atrophy or 
destruction of the anterior lobe of the pituitary but also 
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fibrosis or atropb7 of the thyroid, parathyroids, adrenals, 
OTaries, and endometrium. Low blood pressure, hs^poglyce- 
mia, and evidence of myxedema are usually present. Ca- 
chexia is not invariably present and is not a necessary feature 
of hypopituitarism. The cachexia is dependent mainly on 
loss of appetite and subsequent undemutrition. An unre- 
lated condition, anorexia nervosa, is characterized by 
marked cachexia due to undemutrition. It has many of the 
clinical features of Simmonds’ disease, with which it is often 
confused, but changes in the pituitary and other endocrine 
glands are lacking. 

Progeria. — Progeria is the childhood equivalent of Sim- 
monds’ disease. Here the h3?T)opituitarism results in dwarf- 
ism and the appearance of senility. 

Other Pituitary Syndromes. — ^Various other clinical i^- 
dromes are related to disturbances of pituitary function. 
They are less clear-cut and their patholo^c basis is less 
definite. Dystrophia adiposogenitalis (Frohlich’s syndrome) 
is characterized by adiposity of the trunk and a feminine 
configuration. It is probably a hypopituitarism and often 
related to pressure on the pituitary by tumors. Dwarfism 
may be attributable to hypopituitarism. Pailxme of sexual 
development is a common accompaniment. There may be 
marked obesity (Brissaud type) or no obesity (Lorain 
type). 

The Laurence-Moon-Biedl Syndrome is characterized by 
obesity, hypogenitalism, polydactylism, pigmentary retinal 
changes, and failure of proper mental development. While 
having a genetic basis, various endocrine changes have been 
found, induding increase of pituitary basophiles.“ Also 
mongolism, a prenatal developmental disorder, shows evi- 
dence of pituitary involvement with secondary changes in 
the thyroid, adrenals, and gonads.^* 

Hyperostosis Frontalis Interna (metabolic craniopathy) is 
a far^al condition in which irreg^ar thickening of the 
skull, most often in the frontal region, is associated with 
metabolic, endocrine, and neuropsychiatric manifestations. 
It occurs almost entirely in women, usually beyond the age 
of 35, and is often associated with head^e, “pituitary” 
obesity, amenorrhea, hirsutism, and hypertension. It has 
been suggested that displacement of the brain by the bony 
thickening strains the pituitary stalk, providing a basis for 
the various changes which could be of pituitary or hypo- 
thalamic origin, although there may be no demonstrable lesion 
of the pituitary." 
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Diabetes Insipidus. — Diabetes insipidus is characterized 
by excessive output of urine of low specific gravity and 
without sugar. Excessive thirst and intake of fluid ac- 
company the condition. It is related to disturbance of the 
posterior lobe of the pituitary, or to injury of the hypo- 
thalamus. Secretion of an antidiuretie hormone by the 
hypophysis is apparently under nervous control of the 
hypothalamus. Hence either hypothalamic or pituitary in- 
jury may result in diabetes insipidus. 

Rathke’s Pouch Tumoes 

Remnants of Eathke’s pouch or the craniopharjmgeal duct 
may give rise to cystic tumors (craniopharyngiomas, supra- 
sellar cysts). Being composed of epithelium derived from 
the mouth cavity, the tumors consist of a squamous type of 
epithelium. This epithelium resembles the ameloblasts of 
the developing enamel organ, and consequently the tumor 
is often strikingly similar in its microscopic appearance to 
the adamantinoma (ameloblastoma) which arises in the jaw 
(see page 456) . A few cystic tumors of the pituitary have 
been lined by ciliated epithelium. 



Fig. 239. — cystic craiuopliaryngioina. (Adamantinoioa of hypophyseal 

duct.) 

Many of the craniopharyngeal tumors develop from the 
region of the hypophyseal stalk, are cystic, and lie above the 
diaphragm of the sella. Hence the term of suprasellar cyst 
is common. Being of congenital origin, they may be found 
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in early age periods, often before fifteen years. They are 
benign grovrths, their serious effects being due to pressure. 
Various types of dyspituitarism and stunting of growth may 
result.** 


THE THYROID OLAND 
Development, Stmcture, and Function 

The thyroid develops as a downgrowth from the region of 
the primitive pharynx. A mass forms at the base of the 
tongue and extends downward as a long tube, the thyro- 
glossal duct, its final position being in front of the tradiea, 
and thyroid cartilage. The upper end of the thyroglossal 
duct is marked by a small depression at the root of the 
tongue, the foramen cecum. Normally the duet is obliterated 
during fetal life. Failure of the complete downgrowth and 
disappearance of this tissue leave aberrant thyroid tissue 
at the base of the tongue (lingual thyroid) or in the neck 
anywhere along the course of the thyroglossal duct. These 
nests of thyroid tissue may give rise to midline (thyroglossal 
duet) cysts, which must be distinguished from the lateral 
(branchial deft) cysts of the neck. 

The units of thyroid tissue are glandular vesicles or acini. 
They are lined by a layer of epithelial edls, whose function 
is to remove iodine from the blood and elaborate it into an 
active hormone. A constituent of this hormone, thyroxine, 
has been identified and s3mthesized. Factors which influence 
the activity of the thyroid include the amount of iodine avail- 
able for synthesis, and the thyrotropic hormone of the pitu- 
itaiy. Material elaborated by the thyroid cells passes into the 
lumen of the vesicle where it is stored as a homogeneous ma- 
terial known as colloid. As necessary, the colloid is resorbed 
back through the th;poid cells and secreted into the blood 
stream. Cyclic activity of colloid formation and resorption 
occur. Colloid resorption appears to be brought about by 
the thyrotropic hormone of the pituitary. A deficiency of 
stored iodine from any cause promotes hyperplasia and en- 
largement of the thyroid.** 

The thyroid controls the rate of general body metabolism. 
Its proper secretion is necessary for normal physical, sexual, 
and mental development and function. Abnormalities of 
thyroid function may be in the direction of deficiency (hypo- 
thyroidism) or excess (hyperthyroidism). Hypothyroidism 
gives rise to cretinism in infants and children and myxedema 
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in adults. HyperthsTroidism may occur in severe form with a 
diffuse enlargement of the thyroid (Graves’ disease, exoph- 
thalmic goiter), or in a milder form in which the thyroid en- 
largement is nodular (toxic adenoma) . The thyroid hormone 
acts to accelerate oxidation or rate of metabolism of cells or 
of the whole organism. The protein-bound iodine of the 
blood is an index of the amount of circulating thyroid hor- 
mone, and closely correlates with thyroid function in hyper- 
or hypothyroidism. 

The histologic structure of the thyroid reflects its func- 
tional activity, so that a condition of tinder- or overactivity 
sometimes may be judged by microscopic examination. It 
must be borne in mind, however, that the activity of the nor- 
mal thyroid tissue is cyclic, and that in diseased thyroids dif- 
ferent portions of the gland may show different stages or de- 
grees of activity. 

The type of epithelium lining the follicles is the most 
important criterion of thsrroid activity. Tall columnar epithe- 
lium resorbs hormone from the follicular lumen and dis- 
charges it into the blood stream; high cuboidal epithelium 
actively produces colloid; low cuboidal epithelium produces 
colloid slowly; low, flat epithelium is inactive. Hence the 
height of acinar epithelium acts as an index of functional 
activity, and probably also of the action of thyrotropic hor- 
mone of the pituitary.”’^® Secretory activity is character- 
ized by cellular hypertrophy with a change of resting low 
cuboidal epithelium to a columnar type. When activity be- 
comes excessive, epithelial proliferation (hyperplasia) also 
occurs. Infoldings of the foUiele wall result from the cellular 
increase and may be simply slight elevations or deflnite lace- 
like papillae. Increase in thyroid activity is also accompanied 
by changes in the mitochondria and Golgi apparatus, demon- 
strable only by special cytologic methods. The nature of the 
colloid content of the follicles may also indicate the degree 
of activity. Under conditions of glandular activity and active 
resorption into the circulation, the colloid is very pale staining 
and vacuolated, particularly about its periphery. Apparently 
this represents the transformation of the intrrfollicular 
colloid into a thinner, more soluble form. Continued pre- 
ponderance of resorptive activity over colloid formation even- 
tually produces eshaustion of the gland. When iodine is 
administered to an individual with a hyperactive thyroid, 
colloid storage is promoted and for a time may predominate 
over resorption, with resulting dinical improvement. The im- 
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provement, however, is only temporary, since the tendency to 
excessive resorptive activity still exists, and more colloid has 
been made available. 

The pituitary produces a thyroid-stimulating hormone, of 
protein nature, administration of which to animals has re- 
produced many of the changes seen in human hyperthyroid- 
ism (Graves’ disease). It has been postulated that there 
exists normally a balance between the pituitary and the thy- 
roid, aay deficiency of the thyroid stimulating the pituitary 
to produce more of its thsurotropic hormone, and conversely 
any overadequate supply of thyroid hormone reducing the 
pituitary production of the thyroid-stimulating factor.** Dis- 
turbances of this normal balance may be the basjs of some 
cases of hyperthyroidism and hsTiothsrroidism. The hyper- 
plastic thyroid tissue of Graves’ disease has been shown to 
inactivate the thyroid-stimulating hormone of the pituitary 
in greater amount than normal tissues, whereas tissue of 
nontoxic goiters has little or no inactivating effect on the 
thyrotropic hormone.*® 

Ctoiter 

The term goiter, or struma, refers to an enlargement of the 
thyroid gland. Such enlargement may be related to several 
different etiologie factors; it may be diffuse or nodular 
(adenomatous), and it may be associated with a deficient, 
normal, or excessive production of hormone. A large variety 
of classifications of goiter have served to confuse the subject 
mmecessarily. Five main types may be recognized : 

1. Simple (colloid) goiter, which is endemic to certain 
regions and has its origm in iodine deficiency. 

2. Diffuse goiter with hyperthyroidism (exophthalmic 
goiter, Graves’ disease, Basedow’s disease). 

3. Nodular (adenomatous) goiter: 

a. with hyperthyroidism (toxic adenoma) . 

b. with hypothyroidism (cretinism, myxedema) 

4. Inflammatory goiter : 

a. L^phadenoid goiter (struma lymphomatosa). 

b. Biedel’s struma. 

5. Neoplastic goiter: 

a. benign (adenoma). 

b. malignant (carcinoma). 

It is probable that the nodular goiter with hyperthjToidism 
and the diffuse (exophthalmic) goiter are but variations or 
stages of a single disease, with no fundamental difference in 
their nature. 
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Sdiple os Endeuic Goiter 

In certain regions of the world goiter is endemic and oc- 
curs with great frequency. Such regions are particularly 
about great mountain ranges, but in North America a goiter 
belt also occurs around the Great Lakes and St. Lawrence 
Valley. The thyroid enlargement is a response to insufficient 
iodine intake, due in these repons to deficiency in the soil and 
water. Bacterial contamination of water supplies may inter- 
fere with availability or absorption of iodine and give rise 
to goiter. Endemic goiter may be prevented by the addition 
to the diet of minute amounts of iodine, as by use of iodized 
salt. The condition occurs more commonly in females and is 
particularly apt to develop at a time when the thyroid is sub- 
jected to extra functional stress, as in adolescence or preg- 
nancy. 

Gross examination of simple goiters shows great variation 
in size. The whole gland may be involved diftoely or it 
may be nodular, with patchy “adenomatous” areas. Prob- 
ably the enlargement is always diffuse in the beginning, but 
successive cycles of uneven hyperplasia and involution give 
rise to the nodularity.. The cut surface of the gland has a 
highly translucent appearance due to the abundant colloid. 
Degenerative changes are often evident, particularly in the 
nodular type, and there may be hemorrhage, cyst formation, 
and calcification. Coarse, irregular connective tissue tra- 
beculae separate the adenomatous nodules. 

Microscopically, the goiter may be composed of large dis- 
tended follicles, filled with abimdant deeply staining colloid 
and lined by a low cubical or flattened inactive t^^e of 
epithelium. Such a “colloid goiter” is in an involutioneu^ 
phase and has been preceded by a stage of h3rperplasia in 
re^onse to the iodine deficiency. Subsequent flare-ups of 
hyperplasia, followed by involution and colloid accumulation, 
produce a nodular coUoid goiter. 

In some (^es of simple goiter the gland is composed of 
small inactive follicles without excess colloid accumulation. 
Th^ variety is termed by some the parenchymatous or micro- 
follicular type. 

Hypebthtroioisii 

HypCrthjpoidism is the result of a hyperplastic overactive 
thyroid which siecretes an excess of hormone into the circula- 
tion. It is possible that in some cases there may be produc- 
tion of an abnormal hormonal product rather than a simple 
quantitative excess. However, no proof of this has arisen, and 
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the quantitative concept appears at present to fit the facts 
best. Hyperthyroidism may be of all grades of severity; 
those eases having a diffuse thyroid hypertrophy and hyper- 
plasia (exophthalmic goiter) being in general more serious 
than those "with nodular thyroids. There appears to be no 
fundamental difference between the diffuse and the nodular 
hyperplastic goiters as far as the thyroid factor itself is 
concerned. Histologic changes of hypertrophy and h^er- 
plasia witiiin the thyroid indicate excessive secretory activity. 
The quantitative concept must be borne in mind, however, in 
any attempt at functional interpretation from a tissue section. 
In the diffuse goiter of Graves’ disease such functional inter- 
pretation may be highly accurate. In nodular goiter there is 
great variation in activity in different portions of the gland 
and hence also in the microscopic picture. This precludes 
accuracy in any attempted estimation of function. 

Diffuse Goiter With Hyperth^oidism. — ^Diffuse goiter 
with hypertiiyroidism (exophthalmic goiter. Graves’ disease) 
is the most acute and severe type of hyperthyroidism. It 
occurs particularly in adults of young and middle age. ‘ The 
incidence is sporadic and not limited to the “^iter belts.” 
There is evidence that the condition is a constitutional nervous 
and hormonal imbalance. In this imbalance the h3per- 
liiyroidism is only one part, though often the predominant 
manifestation. The actual stimulus for the hyperactivity of 
the thyroid is probably an excess of the pituitary thyrotropic 
hormone. A generalized hyperplasia of lymphoid tissue is a 
common accompaniment. 

While usually associated with diffuse goiter, the thyroid 
enlargement is often slight and does not necessarily parallel 
the severity of the clinical symptoms. Exophthalmos, or pro- 
trusion of the eyes, is an inconstant feature. It is appar- 
ently not a direct result of hyperthyroidism, and cannot be 
reproduced by thyroid extract. Exophthalmos has been pro- 
duced experimentally by injection of pituitary extract con- 
taining thyrotropic hormone. Increased metabolic rate, 
tachycardia, and nervous excitability are prominent features 
more clraely related to the thyroid hyperfunction. A nega- 
tive iodine balance is. present. The condition may develop 
slowly or suddenly and proceed through a course which may 
be rapid, or prolonged by a series of exacerbations and re- 
missions. The end result is an exhausted condition of the 
gland with actual hypoth3rroidi8m. Cardiac damage usually 
occurs, often marked by disturbances of rhythm, such as 
auricular fibrillation. 



ENDOCRINE GLANDS 


527 


The gross appearance of the th3?Toid gland is similar in all 
parts. Though it may not be much enlarged, it is highly 
vascular and has a characteristic meaty and firm con- 
sistency. The cut surface has a solid, firmly lobulated ap- 
pearance, without the translueence imparted by a rich 
colloid content. By the promotion of colloid accumulation 
preoperative iodine administration may change the aspect to 
a glistening translueence not unlike that of the normal gland. 





Fig. 240, — ^Diffuse goiter with hyperplasia (Graves’ disease). (Cour- 
tesy Dr. H. G. Schmeisser.) 

Microscopically, characteristic featiires of thyroid hyper- 
activity are evident throughout the gland. The epitiielial 
cells of the follicles are tall ^d columnar, their nuclei closely 
packed and basal in position. Papillary epithelial prolifera- 
tion with lace-like projections into foUiculw lumina is often 
marked. Hypertrophy of the Golgi apparatus is demonstrable 
by silver staining. New follicles with small lumina may be 
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formed. The colloid is decreased in amount, thin, pale,' and 
vacuolated or scalloped around the edges. Accumulations of 
lymphocytes, often with distinct germinal centers, are fre- 
quently prominent. By itself the lymphoid hyperplasia is not 
good evidence of thyroid hyperfunction. 



Kg. 241. — ^Hyperactive thyroid (Graves’ disease). Note the tail 
epitheliom lining the acini, and the vaeuolation and scantiness of the 
colloid. 

The preoperative administration of iodine usually causes a 
change in this picture before it is seen in the laboratory. The 
epithelium is changed to a cuboidal form, the acini becoming 
larger, with less infolding of epithelium and containing a 
more deeply stained colloid. This involutionary change is not 
diffuse and patchy areas still exhibit hyperplastic character. 
The lyniphoid accumulations are' not influenced by the iodine 
medication. 

Cyanides and thiocyanates administered to experimental 
animals have produced goiters with marked hyperplasia of 
the thyroid tissue but hypothyroidism. Therapeutic use of 
thiocyanate in man occasionally has been complicated by a 
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similar effect, with production of a goiter due to marked 
hyperplasia of the gland, but accompanied by symptoms of 
hypothyroidism, a low basal metabolic rate, and low blood 
iodine. This effect of thiocyanate is preventable by admin- 
istration of iodine, or can be relieved by giving thyroid,®® 



Fig. 242 . — Thyroid following thionracil therapy. Note marked hyper- 
plasia and almost complete absence of colloid. 


Thionracil and other thiourea derivatives have been found 
therapeutically effective in relieving hyperthyroidism. How- 
ever, there may be an increase in size of the gland, which 
microscopically may show a very marked degree of hyper- 
plasia and little colloid content. The effect in this case does 
not appear to be preventable by iodine. It is postulated 
that thiocyanate and thionracil block at different points 
either the formation or the action of the thyroid hormone. 
Meanwhile the thyroid gland itself is increasingly stimulated 
to a ‘‘hyperplasia of frustration'’ by the unopposed pituita^ 
thyrotropic hormone, or by a decrease of stored iodine within 
the gland. The extreme degrees of hyperplasia of thyroid 
tissue which may be. seen as a result of tldouraeil or thio- 
cyanate therapy must be distinguished with care from neo- 
plastic tumors of the th:^id.®®* 
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Various other orgs^ may show changes in severe hyper- 
thyroidism. L^piphoid hyperplasia is generalized, not simply 
in the thyroid itseU. The thymus is often enlarged and even 
the blood may show a relative lymphocytosis. The heart 
shows few changes, despite the frequent occurrence of cardiac 
complications. There may be cardiac hypertrophy and some 
myocardial degeneration and fibrosis. Voluntary muscles, 
such as the quadriceps, also may show degenerative changes. 
Some skeletal decalcification is common. Exophthalmos is 
produced by edema of the fat in the orbital cavity and by a 
marked swelling, degeneration, and cellular infiltration of the 
extrinsic ocular muscles. Secondary ulceration of the cornea 
may complicate severe exophthalmos. The liver is affected 
by hyperthyroidism, and in severe cases may show fatty de- 
generation and necrosis. The adrenal glands also may be 
involved by degenerative and atrophic changes. 

Nodular Qoiter With Hyperthyroidism. — Hyperthyroidism 
with a nodular goiter (toxic adenoma) is probably funda- 
mentally the same condition as Graves’ disease, though some 
have maintained that production by the gland of an abnormal 
toxic product distinguishes the condition. The nodularity 
is the result of recurring cycles of hypertrophy and hyper- 
plasia affecting the gland in irregular fashion. Because the 
hyperactiyity may appear in a previously existent simple 
goiter, it is sometimes termed secondary Graves’ disease. The 
condition tends to occur in later life, the degree of hyper- 
thyroidism is milder, and exophthalmos is usually absent. 
Large nodular goiters may cause disturbance by pressure on 
surrounding structures, e.g., tradiea. 

Both the gross and microscopic appearance is extremely 
variable. The enlargement of file thyroid may be very marked 
and irregular. Areas of degeneration are often present. 
Nodular or adenomatous areas of varying size may show 
fibrosis around them. Their cut surface may be meaty and 
firm indicating hyperplasia, er soft and tra^ucent, due to 
colloid storage. The appearance is often quite variable in 
different portions of the gland, both gro^y and micro- 
scopically. Hence there is difSculty of evaluation in terms of 
function, which evidently depends upon the total balance of 
hyperplasia and involution. 

Hvpothyboidisu 

InsufBcient function of the thyroid produces in early life 
the condition of cretinism, and in- -^e adult, myxedema. 
While fundamentally the same, the clinical syn^omes differ 
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because of tbe retardation and distortion of physical, sexual, 
and mental development in the childhood form. 

Cretinism. — Cretinism occurs sporadically. It is dne to a 
hypoplasia or failure of proper development of the thyroid. 
The thyroid may be absent, or consist of only a few glandular 
remnants set in connective tissue. Cretini^ also commonly 
occurs in regions where goiter is endemic, as a result of 
thyroid deficiency in the mother. In this latter instance un- 
successful attempts at compensatory hyperplasia may pro- 
duce a goiter of considerable size in the cretin. The thyroid 
tissue is mainly in a hypoplastic or involutionary state. 

Skeletal growth is stunted and distorted, the skin is thick 
and coarse, hair is scanty, metabolism is depressed, and 
sexual and mental development are of low degree. Thyroid 
administration may be helpful if atoinistered early enough, 
but it rarely produces complete restitution to normal develop- 
ment. 

llyzedema. — ^Myxedema is the antithesis of Craves’ dis- 
ease. The general metabolism is low, heat tolerance is in- 
creased, and physical and mental activities are retarded. 
The skm becomes dry, coarse, and thickened by subcu- 
taneous accumulation of a mucoid material. This results 
in the appearance of a non-pitting edema, particularly promi- 
nent on the face, neck, and hands, whi(^ feature'has given 
origin to the term myxedema. The hair tends to become 
coarse and scanty. Loss of sexual desire and impotence or 
amenorrhea are common. The condition responds readily 
and effectively to thjuroid administration. 

Mild degrees of myxedema may follow operative removal of 
most of the thyroid gland or result from exhaustion of the 
gland following severe h3^erthyroidism. Most cases are of 
unknown etiology. The thyroid tissue is atrophic and in- 
active, often displaying marked fibrosis. Vacuolization and 
hydropic degeneration of cardiac and skeletal muscle fibers 
have been noted.^' A similar chremotropie degeneration in 
the media of the aorta leading to fatal rupture has been de- 
scribed in induced hypothyroidism.®* 

^ , 
i 

Inflammation of the Thyeoid 

The thyroid appears quite resistant to most infections, so 
that inflammatory processes in the thjrroid are uncommon. 
Direct spread may occur from neighboring tissues. However, 
two distinctive t^^es of supposetfiy inflammatory conditions 
are termed lymphadenoid goiter and Biedel’s struma. 
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Lymphadenoid Goiter. — ^Lymphadeiioid goiter (Hashi- 
moto's disease, struma lymphiomatosa) is a condition in 
which excessive lymphoid tissue develops in the thyroid, 
often with prominent lymphoid follicles, and a crowding 
out and replacement of thyroid acini. The thyroid tissue 



!Fig. 244. — ^Early struma lymphomatosa (Haslximoto ’s disease). 


i« nodular, of uniformly firm consistency, and a white to 
yellowish-brown color. The occurrence may be at any age, 
but most cases seem to be in women over 40 years. Moderate 
diffuse enlargement of the th3a*oid is usual. Functional dis- 
turbance is usually not a prominent feature, but mild hypo- 
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thyroidism (myxedema) may be present in later stages. 
Slight relative lymphocytosis of the blood may be present.®®* 
The inflamioatory nature of the condition has often been in 
doubt. A lesser degree of lyunphoidal involvement is common 
in hyperfunctioning thyroids (e.g., exophthalmic goiter). 
Some consider lymphadenoid goiter a functional disturb- 
ance in which the basic cause is excess of thyrotropic hormone. 
Others have concluded that lymphadenoid goiter is but an 
early stage of Riedel’s struma, and that slow progressive re- 
placement by fibrous scar tissue will produce the hard goiter 
of this latter condition. 


Table XV 

? 

BinnmiEimAz. Fza.tubes of E^ssimoto’s SiCKmfA. Ltiifhouatosa Ain> 
SiraisL’s Struua (Mosiims Fbou Joufi *) 


HASHIMOTO’S STBUMA 
IiYMPHOMATOSA 

ElEDEL *S STBUHCA 

1. Occurs mainly in women from 45 
to 60 years of age. 

2. Tendency to myxedema. 

3. Diffusely involves all of thyroid, 
but no tissues around thyroid. 

4. Goiter may be large, but never 
very hard, and tends to be 
lobulated. 

5. Pressure effects seldom severe. 

6. Diffuse lymphocytic infiltration, 
with prominent Imph follicles, 
and followed by fibrosis. 

Occurs in men and women of 
younger average age. 

littie tendency to myxedema ex- 
cept after radical operations. 

Often unilateral or involving only 
a portion of thyroid, and ex- 
tends to extrathyroid structures. 

Goiter is small, iutensely hard, 
and smooth. 

Pressure effects are the rule. 

Dense fibrous scar tissue, absence 
of diffuse lymphocytic infiltra- 
tion and lymph foUicles, some- 
times giant cells, extension to 
surrounding tissues. 


Riedel’s Struma. — ^Riedel’s struma (■wood7 thyroiditis) is 
characterized by a thyroid of very firm consistency. Its 
essence is a slow progressive replacement of thyroid tissue 
by dense sear tissue, and extension of the fibrous tissue to 
involve surrounding structures. It occizrs at any age, but 
usually in adults, and almost as frequently in men as in 
women. It may be associated with mild h3T)othyroidism, and 
is easily confused clinically with carcinoma. 

While extensive fibrosis^ is the essential microscopic fea- 
ture, lymphoid accumulation is frequently prominent and 
foimis occur which are transitional between lymphadenoid 
goiter and Riedel’s struma. Multinucleated giant cells in 
the lesion may be mistaken for the giant cells of tubercu- 
kHsis. Qoetsch*' has suggested that ike giant cells are formed 
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by fusion of follicular epithelial cells desquamated into the 
lumen. The etiology is imknown. It has been suggested that 
it may begin as a perithyroiditis which narrows or occludes 



Fig. 245. — Medel’s stroma.: moltiiioeleated giant oeUs, fibrosis, lympho- 
cytes, and a few thyroid f oUicles. 

blood vessels entering the gland.*^ Extensive involvement of 
adjacent structures of the neck by the dense fibrous tissue 
makes surgical resection dlfScult. 
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Tumors of the Thyroid 

The common neoplasms of the thyroid are adenomas and 
.earoinomas. Most carcinomas of the thyroid are believed 
to originate in a benign adenoma. 

Adenoma of the Thyroid. — ^The so-called “adenomas” 
of nodular goiters are not true tumors, but localized areas 
of hyperplasia or involution. Criteria for true thyroid 
adenomas are: ‘(1) complete encapsulation, (2) homoge- 
neous texture throughout, though degenerative changes may 
be present, (3) definite variation of the tissue of the adenoma 
from that outside the capsule, and (4) evidence of compres- 
sion of adjacent thjroid tissue. 



Kg. 246. — ^Thyroid, Hurthle cell toiaor. 


Papillary adenoma is a variety composed of papillary, or 
eystadenomatous, structures. Colloid adenoma is composed 
of differentiated thyroid follicles containing colloid. Their 
distinction from areas of colloid involution in a nodular 
goiter may be difficult. Embryonal and fetal adenomas are 
so called because of resemblances to embryonic or fetal thy- 
roid tissue. The embryonal type is composed of eordb and 
trabeculae of cells with little tendency to gland formation. 
The fe^ adenoma consists of small follicles lined by low 
epithelium and often separated by abundant hyaline coUoid- 
l^e material, or abundant and. edematous stroma. 
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Hurthle Cell Tumor. — ^Hurthle cell tumors are composed 
of large, polyhedral cells, with prominent granular nuclei and 
abundant pale eosinophilic cytoplasm. The cells are arranged 
in solid-looking masses and clumps, but with formation of 
small alveoli. Stroma is usually small in amount. The origin 
of the distinctive cells is uncertain. Possible origins which 
have been considered are from (1) ‘‘parafollicular” cells, 
(2) nests of lateral thyroid anlage, and (3) parathyroid 
tissue. The microscopic resemblance to parathyroid adenoma 
may be very striking but the functional disturbances charac- 
teristic of parathyroid tumors are lacking. Benign and 
malignant forms occur. Criteria for malignancy are the 
same as in other thyroid tumors, vascular invasion being most 
important. 



Pig. 247. — ^Papillary carcinoma of thyroid. 

Carcmoma of the Thyroid. — Carcinoma of the thyroid 
arises most often from a benign adenoma and may be 
histologically well differentiated, so that diagnosis and prog- 
nosis are often very diflScult. Invasion, and particularly 
vascular invasion, may be the only evidence of malignancy. 
Some of the well-differentiated tumors which invade blood 
vessels and produce secondary growths in other organs have 
been given the anomalous name of “benign metastasizing 
struma.”®® On the other hand, not all thyroid tumors in 
which vascular invasion is evident develop metastases or 
proceed in a clinically 'malignant fashion. Nevertheless, 
invasion is still the most reliable microscopic evidence of ma- 
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lignancy.** In many cases the usual histologic criteria of 
malignancy can be applied. 

The common histologic types are papillary carcinoma and 
alveolar adenocarcinoma. They have a moderate degree of 
malignancy. Lateral aberrant thyroid tissue is particularly 
apt to give rise to papillary carcinoma.®^ However, many 
such thyroid tumors in the lateral cervical region have been 
shown to be metastases from an inconspicuous primary car- 
cinoma in the normally situated thyroid gland. Small edl, 
spindle cell, giant cell, and other undifferentiated varieties 
occasionally occur and are of high malignancy. 

Spread of thyroid cancer may be to adjacent tissues and 
lymph nodes, but blood stream metastasis to lungs and skele- 
ton is common. Well-differentiated thyroid tissue in metas- 
tases will take up radioactive iodine, whereas undifferenti- 
ated thyroid tumor tissue does not store the tagged iodine.” 

Struma Ovarii. — Struma ovarii is a teratoma of the ovary 
in which thyroid tissue is the sole or chief constituent. 
Malignancy and metastasis may occur. Functional activity 
of the tissue is rarely sufficient to produce cUnical hyper- 
thyroidism. 


THE PABATHTBOID GLAITOS 

Structure and Function. — ^The parathyroids are usually 
four in number and situated on the posterior surface of the 
thyroid, or embedded in the thyroid tissue but separated from 
it by a connective tissue capsule. There is considerable varia- 
tion in their position, particularly in the site of the lower 
pair, which are derived from the third branchial pouch in 
dose assodation with portions of the thymus. One or both 
of the lower parathyroids may be foxmd in the mediastinum 
in or near the thymus. 

Histologically, the gland contains three main types of cdls: 
(1) small dark “chief” cells; (2) dear “chief” cells 
(wasserhelU or water-clear cdls); (3) oxsrphilie cells. The 
clear chief cells are thought to be the precursors of the other 
types. They have a dear nongranular cytoplasm and a large 
pale nucleus. The oxyphilic cells are larger, have a granular 
addophilic cytoplasm and a small daih nudeus. The awidl 
dark cells have a finely granular cytoplasm which stains 
faintly with eosin, and a small dark nucleus. Glycogen is 
found in considerable quantity in the parathyroid tissue, par- 
ticularly in the chief cells. The cellular dements in the nor- 
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mal gland may be diffuse or compact, but usually have a defi- 
nite arrangement in irregular strands or trabeculae. There 
may be occasional acinar arrangement. Pat cells are often 
quite abundant between the parenchymal cells. The parathy- 
roids are important in the regulation of calcium and phos- 
phorus metabolism. Parathyroid regulation maintains the 
diffusible ionized portion of serum calcium (i.e., the portion of 
serum calcium not bound to protein), within a narrow normal 



quantitative range. The mechanism of regulation appears to 
be by promotion of renal phosphate ezcretion, and through 
mobilization of calcium from bones by stimulation of osteo- 
clasts. It is thus evident that disturbances of parathyroid 
hormone production may be expected to produce changes in 
calcium and phosphate regulation, with lesions not only in the 
parathyroids themselves, but also in bones and kidneys. 
Hypoparathyroidism, or insufficient hormone production, is 
associated with tetany (neuromuscular irritability). Hyper- 
parathyroidism, in which there is excessive hormone, may 
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result in the skeletal changes of osteitis fibrosa cystica, calcium 
deposits in soft tissue (metastatic calcification), and renal 
calculi. 

Hyperparathyroidism. — ^Hyperparathyroidism may be 
primary or secondary. The primary form originates in the 
parathyroids either as a tumor (adenoma) of one gland or 
rarely as an idiopathic hj'pertrophy of all glands. In sec- 
ondary h3T)erparathj’Toidism there is diffuse hyperplasia of 
all glands. A mild degree of such secondary parathyroid 
hyperplasia occurs in chronic renal disease, osteomalacia and 
rickets, and may he produced experimentally by phosphate 
injections. Long-standing chronic renal insufiSeiency may 
produce pronounced parathyroid hyperplasia and in turn 
skeletal changes (renal dwarfism, renal hyperparathyroidism 
— see p. 302). 



rig. 249. — ^Parathyroid adenoma. 

Paxathyroid adenoma is a benign tumor involving a single 
gland or portion of a gland. It is most commonly composed 
of chief cells, less commonly of large ‘‘water-clear*’ cells or 
of oxyphiles. The cellular elements are compactly disposed, 
with loss of trabecular arrangement of cells and decrease of 
fat and connective tissue. Acini are often numerous, but 
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there is variability of cellular arrangement. Individual cells 
may be increased in size and contain multiple nuclei. Malig* 
nancy is rare, but functioning metastases have been reported. 

Primary idiopathic hypertrophy of the parathyroids has 
been described by Albright and his colleagues." All the 
glands are enlarged and of uniform structure, being composed 
of extremely large cells having a very clear cytoplasm. This 
type of hyperparathjroidism is very rare. 

Secondary hyperparathyroidism is characterized by en- 
largement of all the glands due to increased numbers of nor- 



Fig. 250. — ^ParatliyToid hyperpl&sia. Harked enlargemeiit of all 
parafhyioidB in a ease of renal dwaxflsm. ' 
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mal small dark “chief” cells. The various glands are not 
necessarily enlarged to the same degree, hut all show de- 
crease of interstitial fat. 

Hyperparath 3 Troidism is characterized clinically by weak- 
ness, polyuria, pain in the bones and skeletal changes, in- 
creased serum calcium and phosphatase, and decreased serum 
phosphate. The bony changes on x-ray may appear as a uni- 
form osteoporosis, or the decaleifieation may be associated 
with cyst formation. Benal or skeletal disease is usually 
prominent. Renal disease in association with hyperpara- 
thyroidism is discussed on p. 302, and the h3rperparathyroid 
skdetal disease, osteitis fibrosa cystica, on p. 649. 

Hypoparathjrroidism. — ^Manifested clinically by tetany, 
hypoparathyroidism is most commonly seen following opera- 
tions upon the thyroid gland, in which parathyroids have been 
accidentally removed or their blood supply disturbed. Idio- 
pathic cases also occur. 

Tetany is a manifestation of neuromuscular hyper- 
irritability due to low blood and tissue calcium and occurs 
also in conations other than hypoparathyroidism, such as 
rickets, osteomalacia, and hyperventilation. 

THE THYMUS 

Structure and Functiom — ^The thymus is an epithelial and 
l^phoid structure-prominent during childhood. Its relative 
size is greatest at time of birth, when it weighs about thirteen 
grams, and its absolute size is greatest at puberty when the 
average weight is about thirty grams. In adult life it under- 
goes atrophy and replacement by fatty tissue. 

The epithelial elements are derived from the third branchial 
deft, and the lymphoid structures develop later in fetal life. 
The epithelial cells form concentric collections known as 
HassalL’s corpuscles. The function of the thymus is unknown, 
and while exhibiting changes in certain endocrine disturb- 
ances, there is no direct evidence that the organ has any 
internal secretion. It is probably more correctly considered 
as a lymphoid structure. Rowntree and his associates have 
found that administration of thymic extracts to successive 
generations of rats results in precosity of growth and de- 
velopment. Shay and his collaborators** have found that 
destruction of the thymus by radiation in young male rats 
arrests testicular devdopment and produces pituitary changes 
typical of castration, but the changes are not permanent. 
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Like other lymphoid structures the th3rmus is highly sensitive 
to radiation. Pathologic changes in the thymus are rare and 
consist of atrophy, hyperplasia, and tumor formation. 

Atrophy. — ^In addition to the physiologic atrophy which 
occurs after puberty, an atrophy occurs in most serious 
illnesses or infections of childhood. 

Hyperplasia. — ^Hyperplasia of the thymus occurs in hyper- 
thyroidism (Graves’ disease), acromegaly, some eases of 
Addison’s disease, and in eunuchs. In infants or young 
children an enlarged thymus may occasionally cause respirar 
tory compression and produce symptoms of dyspnea, cyanosis, 
stridor, etc." 

Status TusMO-L'eMPHATious. — The concept of statim 
thymo-lymphaticus is that of a constitutional abnormality in 
certain persons characterized by enlarged thymus, generalized 
lymphoid hyperplasia, hypoplasia of the aorta, atrophy of 
&e adrenals, and underdevelopment of testes or ovaries. Such 
in^viduals are supposedly subject to sudden death as a re- 
sult of relatively trivial stimuli, e.g., mild tramna, an^thesia, 
etc. It is probable that the thymus plays no role in the condi- 
tion other than being part of the generalized lymphoid h3^er- 
plasia. That such a condition actually exists is often doubted. 

Tumors. — Tumors of the thymus are rare. About one-half 
the eases of myasthenia gravis are associated with a benign 
tmnor of the thymus (thymoma). Myasthenia gravis is a 
condition of weakness or abnormal fatigability of muscles. 
It is believed due to some interference with the transmission 
of impulses across the myoneural junction, a condition tem- 
porarily overcome by administration of prostigmine and 
simulated by curare poisoning. Lymphocytic infiltrations 
(lymphorrages) are found in affected muscles. The nature of 
the association of the condition with the thymus is uncertain. 
The thymic tumors sometimes have bem characterized by 
epithelial metaplasia.** In many, but not aU eases of my- 
asthenia gravis in which thymic tumor is absent, a thymic 
hyperplasia of lymphocytic cells has been found, without a 
g^eralized lymphoid hyperplasia. Surgical removal of the 
thymus has been reported to have improved some cases. Other 
conditions in which occur similar hypertrophy of the thymus, 
muscular weakness, and creatinuria are hyperthyroidism, 
adrenal cortical deficiency, and castration.**'"’** MaJig- 
uant tumors of the thymus may arise either from the 
epithelial structures (carcinoma) or from the lymphoid ele- 
ments (lymphosarcoma).** Dubois’ abscess is a cyst of the 
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thymus due to persistence of the embryonic duct which gives 
rise to the epithelial structures. It may be associated with 
congenital syphilis. 


THE PINEAL BODY 

Structure and Function. — The function of the pineal body 
is as yet unknown, though possibly it is concerned with 
changes occurring at puberty. There is some evidence that 
it has a secretory function, though it is not essential to life, 
pregnancy, or parturition. 



Kg. 2S1. — ^Pinealoma, showing the two types of cdls usually present. 

About the time of puberty regressive structural changes 
are initiated in the pineal There are an increase in inter- 
stitial connective tissue and accentuation of fibrous trabeculae 
which give the gland a lobulated appearance in microscopic 
section. Calcareous concretions (acervuli) also begin to form 
about puberty and are practically constant after the sixteenth 
year. In adult life they are sometimes sufficiently dense to be 
evident on an x-ray plate. 
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Areas of neuroglial hyperplasia, often with irregularly 
cavitated centers, are quite commonly present in the pineal. 
True cysts also occur, usually lined by ependymal cells. 
Granules occur constantly in the cytoplasm of the pineal 
parenchymal cells during adult life and suggest a possible 
secretory activity. 

Tumors. — Tumors of the pineal constitute its only im- 
portant lesion. Pineal tumors are of three types, (1) pinea- 
lomas, (2) teratomas, and (3) gliomas. 

Finealomas are tumors composed of pineal parenchymal 
cells and have a microscopic appearance similar to that of 
some stage of embryonic development of the pineal."* Two 
types of cells are usually present: large pale cells with 
prominent rounded nuclei and indefinite cytoplasm, resem- 
bling cells of the adult period, and fewer small round, dark 
cells resembling lymphocytes. The tumor is locally invasive 
and malignant. Pinealomas also may have a structure re- 
sembling the adult pineal. "While some evidence has sug- 
gested that the usual pinealoma is really an atypical ter- 
atoma,®^ there are also teratomas of the pineal which are 
similar to teratomas elsewhere, containing bone, teeth, 
cartilage, epithelium, hair, etc. Gliomas of the pineal usually 
closely resemble the ependymomas which arise in other areas 
of the brain but spongioblastic pineal tumors also occur. 

Because of their situation, pineal tumors soon obstruct the 
aqueduct of Sylvius, producing internal hydrocephalus and 
marked increase of intracranial pressure. Certain pineal 
tumors in preadolescent boys have been associated with 
precocious sexual development (pubertas praecox or macro- 
genitosomia praeeox) . A similar condition of h 3 q)ergenitalism 
has been associated with midbrain lesions or tumors, as well 
as with various endocrine disturbances. 

THE ADRENAL GLANDS 
Structure and Function 

The adrenals consist of two distinct glands, cortex and 
medulla, which have different origins and functions. The 
cortex is of mesodermal origin, from the urogenital ridge and 
is thus closely related to gonads and other urogenital organs. 
The medulla originates from the neural crest in common with 
sympathetic nerve cells. While anatomically associated in 
TTiftTi , the cortex and medulla are quite separate in their func- 
tion and pathology and are best considered as separate glands. 
The cortex, which is essential for life, is associated with salt 
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and water metabolism, and with development and main- 
tenance of seeondaiy sexual characteristics. The adrenal 
medulla secretes epinephrine (adrenalin) the effects of which 
simulate sympathetic stimulation. Survival is possible in the 
absence of the medulla. 

The adrenals are relatively largest at time of birth, when 
they are usually one-third the size of the kidney. The large 
size is due to an extra layer in the inner part of the cortex. 
This highly vascular region disappears almost entirely during 
the first year of life. In adult life the adrenals are about one- 
thirtieth the size of the kidney. 

Adrenal Cortex 

The adrenal cortex is divided into zones descriptively 
named, from without inward, the glomerulosa, fasciculate, 
and reticularis. Internal to these the highly vascular zone 
which exists at time of birth is replaced by a thin "juxta- 
meduUary zone.” Some brownish pigment, of no known 
significance, is often present in the inner part of the cortex. 
The cortical cells normally contain abundant lipoid in their 
cytoplasm, which gives them a somewhat foamy appearance. 
The functional relationships of the adrenal cortex to salt and 
water metabolism, ascorbic acid, pigmentation, blood pressure, 
and sexual eharacteristics are best illustrated by the effects 
of disease of the glands. 

Lesions in the adrenal cortex may roughly be grouped 
as (1) regressive and destructive changes; (2) hyperplasia 
and tumors. 

Begressive and Destructive Lesions. — 

Atjtolysis. — Softening and central cavitation of the 
adrenals are a common autopsy finding, generally attributed 
to post-mortem degeneration. Its rapid occurrence appears to 
be related to a low ascorbic acid level in blood plasma (below 
70 mg. per cent). The adrenal cortex normally stores vita- 
min C in large amounts. 

Heuobrhage and Necrosis. — Extensive hemorrhage into 
adrenals or thrombosis of adrenal vessels may produce acute 
adrenal insufficiency. Hemorrhage is particularly common 
in newborn infants, in some cases from trauma incident to 
birth. Adrenal hemorrhage or focal necrosis may also occur 
with extensive bums or in various infections. Hwiall areas of 
hemorrhagic necrosis may occur in eclampsia. In newborn 
infants the highly vascular inner zone of the cortex may be 
mistaken for hemorrhage unless carefully examined. 
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Various acute infections may severely damage the adrenal 
cortex, transforming the solid cords of cells of the zona fas- 
ciculata into tubular structures corutaining inflammatory" ex- 
udate. Rich®® has suggested that the adrenal damage may 
bear some relation to the circulatory collapse which occurs 
in some of these patients. 

Massive bilateral hemorrhages of the adrenals are common 
in cases of fulminating meningococcemia, in which rapid 
death occurs, often before there is any marked involvement 
of the meninges (Waterhouse-Friderichsen syndrome).®® The 
fatal outcome appears to be due to the overwhelming menin- 
gococeemia, acute adrenal insuflBeiency having but a minor 
role.®® The hemorrhages in the adrenals, skin, and else- 
where appear to be the result of toxic injury of capillary 
endothelium. 

Addison’s Disease. — Chronic adrenal cortical insufficiency 
produces the clinical condition of Addison’s disease. Symp- 
toms appear when about 80 per cent of adrenal cortical tissue 
has been destroyed. In about 70 per cent of cases the bilateral 
destruction of adrenals is due to tuberculosis. In most of the 
remaining cases there is atrophy or destruction from unknown 
causes, by some thought due to unsuspected chemical or drug 
poisoning. In the United States, cortical necrosis or atrophy 
appears to account for about 50 per cent of cases. In the 
case of the tuberculous lesions both cortex and medulla of 
the glands are usually destroyed. With cortical necrosis or 
simple atrophy the medulla may be unaffected. The medulla 
evidently is unimportant, except for the pigmentary changes, 
in the pathogenesis of Addison’s disease. Inflammatory 
changes, fibrosis, and amyloid degeneration of the cortex are 
sometimes causative of Addison’s disease, but bilateral metas- 
tatic tumors or gummas only rarely. In the tuberculous type 
of adrenal destruction, active tuberculous lesions usually arc 
found elsewhere. 

Addison’s disease is characterized by extreme weakness, 
low blood pressure, and pigmentation of the skin. The pig- 
mentation is due to excessive melanin, resulting from dis- 
turbed melanogen metabolism, in which the adrenals and the 
production of epinephrine seem to be concerned. It may be 
irregular in distribution, and often is best seen in the mucous 
membranes of lips or mouth, or in sears. Urinary excretion 
of ketosteroids is decreased to a low level. Salt metabolism 
is disturbed, there being excessive loss of sodium salt in the 
urine- High sodium and low potassium intake relieves many 
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of the sjTnptoms. Adrenal cortical extracts, particularly 
'‘desoxycorticosterone/’ also assist in overcoming the hor- 
monal deficiency. 

Lipoid Depletion. — Shock, acute intestinal obstruction, 
various inflammatory diseases, and cachexia may be reflected 
in the adrenal cortex by lipoid depletion or change in the 
pattern of distribution of lipoid in the adrenal cortex.®* 

Anencephaly.— The adrenals have frequently been re- 
ported as defective or absent in anencephahc monsters. Ac- 
cording to Angevine®® the adrenals are present but atrophic, 
and histologically of adult rather than infantile type. The 
adrenal atrophy is believed secondary to pituitary changes. 



Eig. 253. — ^Bilateral adenomas of the adrenals. The situation in 

relation to the kidneys is shown. (Courtesy Dr. H. C. Schmeisser.) 

Hyperplasia and Tumors. — ^Hyperplasia in the adrenal 
cortex may be diffuse but often takes the form of mall cir- 
cumseribed nodules which vary from microscopic size to a 
diameter of several centiineters. The small nodules occur as 
an incidental finding in a considerable proportion of autopsies 
on adults. They probably represent a regenerative process 
following infection or other injury of the adrenals. Micro- 
scopically, they consist of columns of adrenal cells like those 
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of the fascicular zone. True adenomas also occur as yellowish 
masses which may grow to considerable size. Although well 
circumscribed, they may press upon and deform the re- 
mainder of the gland. Carcinomas are similar to the 
adenomas but contain areas of atypical and malignant- 
looking cells, and they metastasize readily. 

In a certain proportion of eases the hyperplasias, adenomas, 
and carcinomas are associated with abnormal sexual charac- 
teristics. These have been considered to be distinguishable by 
the Ponceau-fuehsin stain, devised by Vines, which shows the 
presence of red fuehsinophile granules in the cells, although 
the specificity of this reaction has been questioned. An an- 
drogenic (male) hormone has been extracted from such tis- 
sue.®" 



Fig. 254. — ^Adrenal adenoma (microscopic appearance of tumors shown 
in Pig. 253). (Courtesy Dr. H. C. Schmeisser.) 

Overgrowth of the cortical tissue which produces the 
male hormone causes a variety of sexual disturbances de- 
pending upon the age at which it occurs. The androgenic 
tissue is normally present in the adrenal during certain 
periods of fetal life. Abnormal growth or persistence in a 
female fetus produces pseudohermaphroditism. Occurring 
in boys, sexual precocity develops, with genitalia of adult 
size and secondary sexu^ characteristics. (Sexual precocity 
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in boj's may also result from pineal, testicular, and cerebral 
tumors.) In girls, pseudosexual precocity with maleness oc- 
curs, with the appearance of pubic hair and hj'pertrophy of 
the clitoris to resemble a small penis. Adult females become 
masculinized (virilism or the adrenogenital syndi-ome), the 
change being characterized by hirsutism, enlarged clitoris, 
atrophy of breasts, amenorrhea, and various masculine charac- 
teristics. The Aehard-Thiers syndrome (diabetes of a 
bearded woman) appears to be a variant in which adrenal 
nrilism has the added feature of diabetes mellitus. Some 
eases of adrenal cortical hyperplasia or tumors in adult fe- 
males have obesity, hypertension, and disturbances in carbo- 
hydrate metabolism and may be indistinguishable from Cush- 
ing’s syndrome (see p. 518). Virilism due to an arrheno- 
blastoma of the ovary also may closely simulate the adreno- 
genital syndrome. 

In cases having an adrenal cortical adenoma or carcinoma 
the opposite adrenal may be atrophic, and insufficient to meet 
sudden functional demands. Consequently, an acute adrenal 
insufficiency may develop follo%ving surgical removal of the 
tumor'. 

Various adrenal changes have been described as associated 
with hypertension. Increase in weight of the adrenals, with 
nodular hyperplasia of the cortex and a high lipoid content 
has been described in essential hypertension.**’ ** although 
others have denied that there is any constant association.** 
Hyperplasia of the medulla has been noted in renal disease 
and hypertension,*® and hypertrophy of the musculature of 
adrenal veins has ben emphasized.** 

The AdrenaIj Medulla 

The medulla of the adrenal has an origin from ectoderm 
in common with sympathetic nerve tissue. The cells of the 
medulla stain with chrome salts as do certain other tissues, 
such as abdominal paraganglia and the carotid body. Their 
function of epinephrine production is not essential for life. 
Functional disturbances caused by destructive lesions of the 
medulla are overshadowed by the associated involvement of 
the cortex, as in the tuberculous type of Addison’s disease. 
The only lesions of the adrenal medulla of practical im- 
portance are tumors.' 

Tumors. — Tumors of the adrenal meduUa or other parts of 
the sympathetic nerve system are composed of immature or 
mature cell types comparable to those which occur in em- 
bryonic development of medullary and sympathetic nerve 
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tissue. Tlie most immature form, the precursor of the other 
types, is the sympathogonia, a small dark lymphocyte-like 
cell, which difEerentiates into neuroblasts (sympathoblasts 
and pheodiromoblasts) . The sympathoblasts mature as 
ganglion cells, and the pheoehromoblasts develop into pheo- 
chromoeytes, the mature cells of the adrenal medulla. Tu- 
mors composed of the immature forms (sympathogonioma 
and neuroblastoma) are highly malignant, while those com- 
posed of mature forms (ganglioneuroma and pheoehromo- 
cytoma) are benign. 



Fig. 255. — Carcinoma of the adrenal cortex. The tumor cells show 
marhed variation in size, shape, and intensity of staining. 


Sympathogoniomas usually develop during intrauterine 
life or in early infancy, are highly malignant and invasive, 
and metastasize early. They are composed of small dark 
cells resembling lymphocytes, some of which group to form 
rosettes. No neurofibrils are formed. 

Adrenal neuroblastoma (sympathoblastoma) is a highly 
malignant tumor which occurs almost exclusively in infants 
and young children. It arises either in the adrenal medulla 
or the immediate neighborhood. Microscopically, it is ex- 
tremely cellular, composed of small rounded dark cells re- 
sembling lymphocytes, and it has the characteristic feature 
of a circular grouping or pseudorosette formation around a 
fine fibrillar network. It differs from the sympathogonioma 
only in its somewhat greater maturity, and some differenti- 
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ated ganglion or pheochrome cells may be present. The cells 
tend to be larger, irregular or oval in shape, and may have 
elongated cytoplasmic processes. Tumors having similar 
histologic structure are the medulloblastoma of the midbrain 
and the retinoblastoma of the eye. They also arise from un- 
differentiated neural elements and occur in childhood. 



Fig. 256. — Neuroblastoma of the adrenal medulla. The kidney can be 
seen below the tumor, (Oourtesy Dr. H. C. Schmeiaser.) 

Adrenal neuroblastoma spreads early and widely and the 
clinical picture largely depends on the metastases. Tumors 
of the right adrenal tend to metastasize to retroperitoneal 
lymph nodes and liver, producing the 'Tapper syndrome.’^ 
Metastasis to bones, particularly of the skull and around the 
region of the orbits, produces the “Hutchinson syndrome, 
prone to result from a tumor of the left adrenal medulla. 
The two classical types frequently overlap. 
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Ganglioneuroma. — Ganglioneuroma is a benign tumor com- 
posed of differentiated, large, sjunpathetic ganglion cells and 
often a few nerve fibers. It may occur in either child or 
adult. While the common origin is from adrenal medulla. 



Fig. 257. — ^Neuroblastoma, adrenal medulla. Note the small, dark 
neuroblastic e^s. 

it may arise in any part of the abdominal sympathetic system 
or very rarely is found in the central nervous system. It 
produces symptoms only by virtue of the large size to which 
it may grow. 
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Pheochromocytoma. — C hromaflfinonia (paraganglioma, phe- 
oehromoeytoma) is a rare benign tumor composed of a dif- 
ferentiated mature type of cell resembling those Avhich nor- 
mally compose the adrenal medulla. The pleomorphic cells 
stain brown with chrome salts. The chromaffinoma usually 
occurs in middle age or beyond. Its chief interest lies in its 
association with paroxysmal hypertension, apparently due 
to a high adrenalin content of the tumor tissue. 
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CHAPTER XXI 

FEMALE GENITAL ORGANS 

The important pathologic conditions of the female genitalia 
are inflammations, endocrine disturbances, tumors, and cysts. 
Many gynecologic diseases are closely related in both func- 
tioni and morphologic aspects to hormonal imbalance. The 
endocrine factors important in gynecologic pathology are the 
pituitary gonadotropic principles and the ovarian and pla- 
cental hormones. 

HORMONAL RELATIONSHIPS 

Pituitary Gonadotropic Hormones. — There are two pitui- 
tary principles which act on the ovaries : (1) a follicle-stimu- 
lating hormone, which controls maturation of the ovarian 
follicles, and hence in turn the production of follicular hor- 
mone (estrogen ) ; and (2) a luteinizing hormone which con- 
trols luteinization of the ruptured follicle, and hence in turn 
the production of the lute^ hormone (progesterone). The 
nature and chemical structure of these pituitary principles 
are still unknown. 

Ovarian Hormones. — The two ovarian hormones which 
normally are controlled in this fashion by the pituitary are 
of known chemical nature and structure, and they exert 
pronounced effects on the endometrium, vagina, and other 
tissues. Mensftrual changes and periodicity are dependent 
on these hormones. 

Maturing ovarian follicles produce a hormone, estrogen 
(theelin). This has been isolated in a number of closely 
related forms, all characterized by the ability to produce 
estrus (heat) in castrated animals. Various names given to 
these estrogens are estradiol, estrone, and estriol. Certain 
estrogenic substances can be derived synthetically (e.g., 
stilbestrol). The basic chemical structure of estrogens is the 
phenanthrene ring system. Thus there is a chemical struc- 
tural resemblance to certain naturally occurring sterols and 
to some potent carcinogenic materials, a relationship which 
has caused much interesting speculation. 

Estrogen, formed by the mature ovarian follicle, is a sex- 
ual growth-stimulating substance which acts especially on 
the uterus and vagina. It brings about the proliferative 
endometrial growth characteristic of the first half of the 
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menstrual cycle (see p. 583). In addition it controls the 
rhythmic activity of the uterine musculature, causes cornifi- 
cation of the vaginal epithelium, and growth of the duct 
system of the breast. At puberty, estrogen is responsible 
for the appearance of the various secondary sexual charac- 
teristics. 

The ovarian follicle ruptures about the middle of the men- 
strual cycle and then forms the corpus luteum. This lutein- 
ized follicle produces not only estrogen, but also a new and 
characteristic hormone, progesterone. This latter substance 
also is a sterol, of known chemical formula, and has been iso- 
lated, crystallized, and synthesized. It has a close structural 
relationship to the male sex hormone, testosterone. 

Progesterone also affects the endometrium, vagina, and 
breast. In the endometrium it brings about a secretory 
phase (see p. 584). The endometrium remains hypertrophied, 
but the glands become very irregular in outline and secretory 
in function. The stromal cells of the endometrium begin a 
decidua-like change. These changes are in preparation to re- 
ceive the fertilized ovum. If conception fails to occur, the 
corpus luteum atrophies, the endometrium breaks down, and 
menstruation occurs. However, if pregnancy occurs, the 
corpus luteum continues to develop and produce progesterone, 
its effects being important in maintenance of the pregnancy 
in its early phases. 

In addition to its effect on the endometrium, progesterone 
inhibits contractility of the uterus, suppresses ovulation and 
menstruation, causes a mucus-secreting phase in vaginal epi- 
thelium, and a lobular proliferation of the breast. 

Hormones of Pregnancy. — ^During pregnancy chorionic 
gonadotropic hormones are produced and are found in the 
urine (urinary prolan). The biologic pregnancy tests (Asch- 
heim-Zondek, Friedman) are based on demonstration of such 
hormones in the urine. These substances are “anterior- 
pituitary-like’’ (A.P.L.) in their action. The placenta also 
seems capable of producing progesterone, an action impor- 
tant in maintenance of later stages of pregnancy. 

THE OVABIES 
Development and Structure 

The ovaries develop from the Wolffian body, along with 
other portions of the reproductive and urinary system. The 
ovary and testis have a similar anlage. In the early un- 
differentiated ovary medullary cords form, similar to those 
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of the early testis which later form the seminiferous tubules. 
Persistent remnants of these transient male-directed cells 
may later give rise to masculinizing tumors (e.g., arrheno- 
blastoma) , Enormous numbers of primitive follicles develop 
as the ovary differentiates. The cortex of the ovary is com- 
posed of these primitive Graafian follicles and a dense con- 
nective tissue stroma. The so-called epithelial cells of the 
follicles (i.e., granulosa cells) and the stromal cells (includ- 
ing theca cells, which are specialized stromal cells around 
follicles) have a common mesenchymal origin. Their close 
relationship is evident in certain tumors (e.g., theca-cell 
tumors). The primordial follicles consist of a central ovum 
surroimded by a layer of low cuboidal epithelium, the granu- 
losal membrane. As the follicle matures and enlarges under 
the influence of the pituitary follicle-stimulating hormone, 
the granulosa becomes more cuboidal and several layers 
thick. A central cavity appears, the ovum being at one pole, 
surrounded by a pile of granulosal cells, the discus pro- 
ligerus. Around the follicle is a specialized layer of con- 
nective tissue cells, the theca interna. Call-Exner bodies are 
small, rounded, clear, gland-like areas found in the granu- 
losal layer, and similar structures appear in tumors com- 
posed of granulosal cells. About the middle of the men- 
strual cycle the follicle ruptures, and the ovum is extruded. 
The ruptured follicle develops into a corpus luteum under 
the influence of the luteinizing hormone of the pituitary. 

At the time when the foUide ruptures, many other follicles 
are approaching maturity. Their further development is 
stopped by the hormone of the corpus luteum, and they un- 
dergo regression. These atretic follicles form cysts, and in 
some cases the cysts reach a considerable size. Usually the 
cystic stage is promptly followed by fibrosis, forming a small 
hyaJinized area, the corpus fibrosum. 

In development of the corpus luteum following follicular 
rupture, the granulosa is vascularized, and the cells become 
large and polyhedral, with abundant vacuolated cytoplasm. 
They are then called lutein cells and form a bright yellow 
zone. Hemorrhage into the follicular lumen usually occurs, 
and in some cases this is abundant. The mature corpus 
luteum is much larger than the follicle, measuring up to 10 
or 15 mm. in diameter. 

If fertilization does not occur, regression of the corpus 
luteum begins shortly before menstruation. Patty change of 
the lutein cells is followed by atrophy, fibrosis, and hyalini- 
zation. This results in a convoluted hyalinized mass, the 
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corpus albicans, which slowly regresses further and disap- 
pears. Occasionally the corpus luteum fails to regress but 
develops into a cyst (corpus luteum cyst). Also, if preg- 
nancy occurs, the corpus luteum does not regress but be- 
comes even larger and more prominent. 

Inflammation (Oophoritis) 

Inflammation of the ovary is secondary to inflammation 
elsewhere, most commonly spreading from the tube. Oophor- 
itis secondary to tubal infection is usually due to the gono- 
coccus, streptococcus, or tubercle bacillus. Occasionally 
there is hematogenous infection of the ova:^, as in mumps. 
Inflammatory reactions in the ovary are similar to those else- 
where. Acute and chronic abscesses are common. An ab- 
scess often involves a corpus luteum, the organisms appar- 
ently gaining entrance to the ovary through a ruptured 
follicle. Oophoritis is followed by fibrosis and adhesions to 
surrounding structures. 

Tuberculous oophoritis is practically always secondary to 
tubal tuberculosis. Tuberculous peritonitis is usually pres- 
ent as well. The microscopic picture is the same as in tuber- 
culosis elsewhere. 


Cysts of the Ovary 

Cysts of the ovary are of two main groups: (1) retention 
cysts, i.e., dilated glandular structures, and (2) neoplastic 
cysts, i.e., cystic tumors. The latter will be considered with 
other ovarian tumors. 

Ovarian retention cysts sometimes rupture and cause 
intraperitoneal hemorrhage.^ The clinical aspects depend 
on the amount of intraperitoneal hemorrhage, which in rare 
cases may be quite massive. Clinical differentiation of such 
cases from other acute abdominal conditions may be difficult. 
Non-neoplastic cysts are of four main types. 

1. Pollicular cysts are due to distention of an unruptured 
Graafian follicle. They are extremely common and usually 
remain small in size, but occasionally they reach several 
centimeters in diameter. Lining granulosal cells are evident 
in the smaller cysts, but the larger cysts may be lined by a 
single layer of low cuboidal epithelium. Hemorrhage into 
the cyst occasionally occurs. 

2. Luteal cysts result from dilatation of a corpus luteum. 
They are less frequent than the follicular type and must be 
distinguished from the normal corpus luteum hematoma, the 
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large corpus luteum of pregnancy, and the hemorrhagic cysts 
of endometriosis. Luteal cysts are recognized microscopi- 
cally by remnants of granulosa-lutein cells found in the wall. 

3. Theca-lutein <ysts are found in the ovaries in associa- 
tion with chorionepithelioma and hydatidiform mole (see p. 
595) . These cj^ts are multiple, bilateral, and lined by theca- 
lutein cells; i.e., the lutein cells lining the cyst are believed 
to arise from the theca interna rather than the granulosa. 

4. Endometrial (^sts, or chocolate cysts of the ovaiy, are 
due to endometrial implants. They may reach a size of 
several centimeters, are often bilateral or associated with 
endometriosis elsewhere (see p. 589). Hemorrhage into the 
cyst cavity results in a thick ehoeolate-like content. This is 
not a distinctive feature, however, as a similar content may 
be found in hemorrhagic luteal cysts. Identification is by 
finding endometrial glands in some part of the cyst wall. 
Beneath the lining there is often a layer of swollen mono- 
nuclear phagocytic cells, containing blood pigment, and 
easily confused with luteal cells. 

Tumors of the Ovary 

dassification of ovarian tumors recently has been modified 
by the recognition of the endocrine function of various 
tumors. Herein they will simply be grouped into cystic and 
solid varieties, each group havii^ both beni^ and malignant 
components. Those tumors with endocrine function are 
found among the solid tumors. A number of very rare types 
of ovarian tumors, e.g., ganglioneuroma, have been described 
but will not be considered here. 


Cystic Ovarian Tumors 
These tumors may be further classified as 
/siinple 


^benign 

papillary^ 


^malignant (cystadenocarcinoma) 
^benign 

^malignant (cystadenocarcinoma) 


2. Dermoid cysts. 

Cj^tadenoma. — Cystadenoma is the commonest variety of 
ovarian tumor, the pseudomucinous type being of slightly 
greater frequency than the serous. 
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Serous cystadenomas may be unilocular or multilocular 
and sometimes reach enormous size. There may be a smooth 
lining of epithelial cells, but frequently there are papillary 
projections into the cavities. This papillary gro^vth may be 
so marked that the tumor appears almost solid. The lining 
cells of the cyst are cuboidal or columnar epithelium, and 



Fig. 258. — Ovarian cysts, showing characteristic linings. A, Der- 
moid cyst, with keratinizing squamous epithelium and sebaceous glands; 
B, serous cystadenoma, Hnal by dark-staining cuboidal cells; C, pseudo- 
mucinous cystadenoma, lined by pale columnar cells with basal nuclei; 
D, corpus luteum cyst, lined by a thick layer of large luteal cells. 
(From Berman, J. K.: Synopsis of the Principles of Surgery.) 
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sometimes ciliated. Calcium deposits are common in the 
papillary masses. 

The simple cysts are benign, but the types with papillary 
overgrowth are frequently malignant. Invasive growth 
through the cyst wall results in papillary masses on the 
outer surface of the cyst. These may break off and implant 
throughout the peritoneal cavity. The cyst cavity contains 
a clear fluid with a rich content of serum proteins. The 
origin of the cysts is believed to be from germinal epithelium. 



Fig. 259. — ^Papillary cystadenocareinoma of ovary. Note the papil- 
lary masses growing on the external surface of the cyst. (Courtesy 
Dr. H. 0. Schmeisser.) 


Pseudomucmous cystadenomas contain a mucoid or pseudo- 
mucinous material. They are thin walled, multilocular, and 
have a smooth lining without papillary growth. The cysts 
are lined by a single layer of tall columnar epithelial cells 
with basal nuclei and a clear secretory cytoplasm. Pseudo- 
mucinous cystadenomas do not become malignant as com- 
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monly as do the serous cystadenomas, but occasionally a pro- 
liferative adenocareinomatous change occurs. 

Rupture of a pseudomucinous cystadenoma implants the 
secretory epithelium over the peritoneal cavity. Continued 
secretory function of the implants causes accumulation of 
large quantities of gelatinous material in the abdomen, the 
condition called pseudomyxoma peritonei. 

The exact origin of pseudomucinous tumors is debatable, 
but they are generally believed to be teratomatous, i.e., over- 
growth of one type of teratomatous tissue to the exclusion 
of the remainder. 



Fig. 260. — ^Dermoid cyst of ovary. Note the hair and sebaceous material 
filling the cyst. (Courtesy Dr. H. 0- Schmeisser.) 

Faxvilocular cystomas are tumors which grossly appear 
solid, but microscopically are found to have many cystic 
cavities, glandular structures or tubules lined by mucin-pro- 
ducing epithelium and embedded in fibrous stroma. They 
may become malignant. An origin from fetal remnants of 
the rete ovarii has been suggested.® 

Dermoid Cyst. — Cystic teratomas constitute about 10 per 
cent of ovarian cystic tumors. They are rounded masses, of 
any size up to that of a grapefruit, with an opaque, grayish 
wall. The cyst content is a greasy, grayish-y^ow sebaceous 
material mixed with a variable amount of hair. The cyst 
lining tends to be rough or granular, and at one point is a 
small, raised or thickened area from which the hair arises. 
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Section through this dermoid tubercle shows skin tissue and 
appendages, which give rise to the cyst contents. In addi- 
tion to squamous epithelium, sebaceous glands, and hair 
follicles, a variety of other tissues may be found, such as 
cartilage, bone, teeth, thyroid, glands, intestinal tissue, etc. 

Dermoids of the ovary are benign tumors, but occasionally 
one element may become malignant. This is most frequently 
the squamous epithelium. The most popular theory of their 
origin is that they represent spontaneous growth of an ovum, 
i.e., an attempt of a germ cell to form a new individual under 
unfavorable circumstances. 



Fig, 261.— Dennoid cyst of ovary. Hair, bone, teeth, and a pigmented 
tissue are evident. (Courtesy Dr. H. C. Schmeiaser.) 

^ Teratoma of the ovary is the counterpart among the solid 
tumors of the dermoid cyst. It is rare, and unlike the der- 
moid cyst, is usually malignant. 

Mesonephroma. — Schiller® has described a distinctive type 
of cystic ovarian tumor in which tihe lining cells have an 
•endothelial appearance, and which contains small structures 
resembling embryonic renal glomeruli. This glomerulus-like 
wit consists of a tiny cystic cavity lined by flat endothelium- 
like cells into which there is a projection containing a capil- 
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lary loop covered by a layer of eoluiimar epithelial cells. 
SoUd areas of stellate cells of endothelial appearance also are 
found. Schiller suggested that the tumor developed from 
misplaced fetal remnants of the mesonephros, and tumors of 
similar structure have been foimd in the kidney. The tumor 
may be found at any age, is not associated with endocrine 
effects, and usually is malignant. The response to radiation 
is variable but sometimes very good. 

Solid Ovarian Tumors 

While less common than cystic neoplasms, the solid tumors 
of the ovary are of wide variety, some forms bemg quite rare. 
They may be classified into 3 groups: (1)’ benign solid 
tumors, (2) tumors with endocrine function, and (3) malig- 
nant tumors. Among the endocrine tumors, some are biologi- 
cally benign, while others have a low grade of malignancy. 

, ‘ f<r.: : - * > , tV ' , , 





Fig. 262. — ^Fibroma of ovary. (Courtesy Dr. H. C. Schmeisser.) 

Benign Solid Ovarian Tumors. — ^The only two common 
varieties in this class are fibromas and Brenner tumors. 

Fibroma of the ovary is a firm, whitish, eircumsoribed 
tumor which may reach a considerable size. The cut suifeee 
is firm and may be homogeneous or trabeeulated. Micro- 
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seopically, it is composed of well-differentiated, regular con- 
nective tissue, of uniform pattern and showing little evi- 
dence of active growth. 



Fig. 2()3. — Brenner tumor of ovary. Small islands of tumor cells in a 
fibrous stroma. 

Ascites is sometimes associated with ovarian fibroma, and 
as pointed out by Meigs,® hydrothorax may be present as 
well, and disappear following removal of the tumor. The 
phenomenon is unexplained. 

Fibromas must be distinguished from theca-cell tumors 
which have an endocrine function. While similar in many 
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respects to fibromas, theea-eell tumors have a more yellowish 
color in the gross, and microscopically they exhibit a high 
fat content. 



Fig. 264. — Carciaoma of ovary. 

Brenner tumors are uncommon benign tumors, usually 
found after the age of 50. They are without hormonal func- 
tion. They are small firm circumscribed tumors, which occur 
alone or in the wall of a pseudomucinous cystadenoma. 
Grossly, they resemble a fibroma. Microscopically, they are 
characterized by islands or strands of epithelial cells, set in 
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a dense fibrous stroma. Frequently the nuclei of the epithe- 
lial cells have a characteristic longitudinal grooving or fold- 
ing. Similar infolding may be evident in the nuclei of 
Walthard cell islands, giving them an appearance reminiscent 
of “Puffed "Wheat. Some of the epithelial islands may 



Fig. 265. — ^Disgermiaoma of ovary. (Courtesy Dr. H. C. Schmeisser.) 

have cystic centers, sometimes lined by columnar mucus- 
producing -cells. Their origin is debatable, but may be (1) 
from tiny masses of undifferentiated cells occasionally found 
in the ovary, called “Walthard islands,” (2) from a ter- 
atoma, as suggested by frequent association with pseudo- 
mucinous c 3 ^tadenoma, (3) from displaced urogenital epithe- 
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lium, similar to that of the renal pehis or ureter, or (4) 
from germinal epithelium of the ovairy. 

Malignant Solid Ovarian Tumors.— A number of solid 
tumors, of varying degree of malignancy but without endo- 
crine effects, arise in the ovary. Only the more important 
types, carcinoma, sarcoma, and disgerminoma, are considered 
here. The Krukenberg tumor is a bilateral solid tumor,, 
usually mfetastatic from the gastrointestinal tract. 

Cajroinoma. — Primary solid carcinoma of the ovary is less, 
common than the cystic type and is often bilateral. Probably 
many are cystic tumors in early stag:es. They are grayish 
brown, variable in size, shape, and consistency, and often have 
areas of necrosis. Microscopically, malignant epithelial cells 
may form well-defined glands (adenocarcinoma) or solid 
sheets of cells (medullary form). Extension is commonly to 
the other ovary, the peritoneum, and by lymphatics to lumbar 
and other lymph nodes. Occasionally blood stream spread 
involves distant organs. 

Sarcoma. — Sarcoma of the ovary is much rarer than car- 
cinoma. It may develop from malignant change in a fibroma 
or from the ovarian stroma. Grossly it is of moderate size, 
lobulated, and has a tendency to necrosis. Microscopically,, 
it is usually a spindle-cell sarcoma. 

Disgerminoma. — ^Disgerminoma (seminoma) is believed to 
arise from rests of undifferentiated (neuter) cells left over in 
development of the gonads. An entirely sii^ar tumor (semi- 
noma) occurs in the testicle. It has no hormonal effects, but 
it is often associated with congenital hypoplasia of internal 
genitalia or with pseudohermaphroditism. Such associated 
changes are not due to the tumor and remain after its re- 
move. 

Most disgerminomas occur before the age of 35, and some- 
times are found during childhood. The degree of malignancy- 
is variable. They form fairly large encapsulated or nodular 
tumors, of rubbery consistency, grayish-pink color, and friable- 
cut surface. They are often bilateral. 

Microscopically they are composed of cords and nests of 
cells with round hyperchromatie nuclei, and a small amount 
of indistinct pale cytoplasm. The cell cords are separated 
by loose fibrous trabeculae infiltrated with lymphocytes. Giant 
cells may be present. Mitoses are often numerous. 

Krukenberg Tumors. — ^Metastatic carcinoma of the ovaries 
due to spread from gastrointestinal tract or pelvic organs is 
quite common. Krukenberg tumors are a particular type of 
metastatic ovarian cancer, usually bilateral, in which the* 
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tumor cells are mueus-produeing. The distended cytoplasm 
and flattened nuclei of individual cells produM a signet ring 
appearance. The primary tumor is usually in the stomach 
(80 per cent), intestinal tract, or gall bladder and often is 
inconspicuous. The possible modes of spread to the ovaries 
are by retrograde metastasis along lymphatics and by peri- 
toneal implantation. In rare instances a strikingly similar or 
identical Krukenberg type of tumor is primary in the ovary 



Fig, 266. — ^Diflgenrunoma of ovary. Note the rounded hyperchromatic 
nuclei^ the scanty and indistinct cytoplasm, and the lymphocytes in- 
filtrating the stroma. 


Grossly the tumors are Arm, solid, lobulated growths of 
moderate size, and have a variegated appearance oh the cut 
:8urface. Microscopically, there are mucoid epithelial cells, of 




Fig, 267. — ^Ejrukenberg tumor. The lower figure shows a metastasis to 
bone. Note the ''signet ring^^ cells. 
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signet ring appearance, arranged in solid masses or small dus- 
ters. Occasionally there is a tendency to gland formation. 
The stroma may he abundant and cellular. Since the tumor is 
usually the result of metastatic spread, the prognosis is often 
hopeless.^® 


Endocbinb Tumoes op the Ovary 

Like other glands which produce hormones, the ovary gives 
rise to tumors whose cells have endocrine function as w^ as 
excessive growth energy, and in this fashion exert far-reach- 
ing ^eets upon the body. The endocrine function of Ae 
ovary is production of female sex hormones. The commonest 
endocrine tumors of the ovary are those which produce excess 
female sex hormones (estrogen). There are two such tumors, 
the granulosa-ceU tumor and the theca-cell tumor. There are 
two other ovarian endocrine tumors which produce mascu- 
linizing hormones. These tumors are the arrhenoblastoma and 
the maseulinovoblastoma (hypernephroma) of the ovary. As 
might be expected, the masculinizing tumors are very rare. 
The arrhenoblastoma is believed to arise from rests of male- 
directed cells remaining from the early embryonic undifferen- 
tiated stage of the ovary. The maseulinovoblastoma has been 
presumed to arise from adrenal rests in the ovary. 

Granulosa-Cell Tumor. — The granulosa-ceU tumor is the 
commonest ovarian endocrine neoplasm, estimated to com- 
prise 10 per cent of solid ovarian carcinomas. Occurring at 
any age, it is characterized by production of excessive estro- 
genic hormone. Ih the child this causes precocious sexual 
changes, with development of the breasts and onset of men- 
struation. These changes of precocious puberty disappear 
following removal of the tumor. During the reproductive 
period, the tumor may cause either excessive menstrual 
bleeding or periods of amenorrhea. After the menopause, 
the hyperestrinism causes resumption of menstrual bleeding. 
Endometrial hyperplasia is present in these cases as the 
result of the excessive estrogen. 

Most granulosa-ceU tumors are benign or of very low- 
grade mdignancy, so that complete removal results in cure. 
Ten per cent or more are malignant and form metastases. 
The origin of these tumors is believed to be from either (1) 
emb^onal rests of granulosal cells (progranulosal cells of 
ovarian mesenchyme) or (2) granulosal cells of the follicle. 

Granulosa-cell tumors are unilateral, drcumscribed tumors, 
with a smooth or slightly nodular surface, and a few milli- 
meters to 30 centimeters in diameter. The cut surface shows 
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a fleshy, pale yellow or grayish tissue, sometimes with cystie 
areas. Gross features alone are not characteristic enough for 
diagnosis. 



Kg. 268 . — Qraanlosa-oell tumor of ovary, foUiculoid type. 


Histologic structure is widely variable, both in different 
specimens and in the same tumor. The main types are follicu- 
loid, cylindromatous, and diffuse. In the foUiciiloid lype 
there is formation of follicle-like structures, sometimes with 
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surrounding stroma. Call-Bxner bodies (see p. 560) may be 
seen. The cylindromatous form has solid cords and strands 
of tumor cells separated by a small amount of fibrous stroma. 
In lie diffuse variety there may be solid, sarcoma-like, pat- 
ternless masses of tumor cells. Areas of luteinization are 
not uncommon, and when this is predominant, the designa- 
tion ‘ 'luteoma ' ' has sometimes been used. Lipoid-containing 
fibromatous areas such as characterize theca-cell tumor also 
may occur, indicating their close relationship. Adenocar- 
cinoma of the uterus has been observed to be quite frequent 
in association with granulosa-cell and theca-cell tumors of 
the ovarjL^® This suggests hyperestrinism as a possible 
contributing etiologic factor in endometrial carcinoma, al- 
though fmal proof is lacking. 



Fig. 269. — Granulosa-cell tumor of ovary, cylindromatous type. 


Theca-CeU Tumor (Thecoma). — Theca-cell tum’ors are 
often considered as a type of granulosa-cell tumor, but usu- 
ally theca-cell tumors present distinctive morphologic fea- 
tures which warrant separate consideration. Barer than 
granulosal tumors, these fibromatous neoplasms have a later 
age incidence and are characterized by a content of doubly 
refractive lipoid (cholesterol). Excess production of estro- 
genic hormone results in irregular uterine bleeding with en- 
dometrial hyperplasia. In rare instances the tumor is malig- 
nant and has the character of a spindle-cell sarcoma. 
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Grossly they are unilateral, solid, encapsulated tumors, of 
firm consistency, and in general quite like the more common 
ovarian fibroma. The cut surface shows a yellowish fibrous 
tissue structure. Histologically of fibromatous appearance, 
they have bundles of broad spindle cells which irregularly 
interlace. Doubly refractive lipoid within tumor cells and 
in surrounding connective tissue is the diagnostic feature. 

Axrhenoblastoma. — ^Arrhenoblastoma is a rare solid ova- 
rian tumor which by hormone production causes loss of f emd- 
nine characteristics and maseulioization. It is thought to arise 
from rests of male-directed cells persisting from early stages 
of gonadal development. Most of these tumors occur be- 
tween puberty and the menopause and exhibit moderate 
malignancy. Defeminizing changes of amenorrhea, sterility, 
and atrophy of breasts are followed by development of the 
masculine characteristics of hirsutism, deepening of voice, 
and enlargement of the clitoris. Clinical differentiation 
must be from other causes of masculinization, such as ad- 
renal cortical tumors. Arrhenoblastomas vary greatly in 
their degree of hormonal activity. 

Grossly they are small or of moderate size, gray or yellow- 
ish, Aria, and unilateral. Microscopically, there is wide 
variation in appearance, with highly differentiated, inter- 
mediate, and undifferentiated varieties. The more undiffer- 
entiated types have the most marked clinical masculinization. 
The most differentiated type (testicular tubular adenoma) 
shows a pronounced tubular arrangement closely imitating the 
testicle. The undifferentiated type consists of sheets and 
masses of cells having a sarcomatous appearance. In the in- 
termediate grades there are varying degrees of imperfect at- 
tempted tubule formation. An arrangement resembling sex 
cords and areas having cells similar to the interstitial (Ley- 
dig) cells of tl\e testis may be present. The tumor usually 
contains considerable lipoid. 

Gynandroblastoma. — Ovarian tumors have been described 
which give rise to both masculinization and evidences of 
hyperestrinism. The secondary sexual characters change in 
a male direction, but with continuation of cyclic menstrual 
bleeding. The microscopic pattern in such cases is not con- 
stant, but usually presents combinations of the features found 
m arrhenoblastomas and granulosa-cell tumors. It has been 
suggested that gynandroblastomas are of teratomatous na- 
ture.*" 

Masculinovoblastoma. — ^Maseulinovoblastoma (adrenal tu- 
mor of the ovary) is a rare tumor which produces maseulini- 
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zation with clinical effects similar to those of the arrheno- 
blastoma. While its probable origin is from rests of adrenal 
cortical tissue in the ovary, another possibility is that it 



Fig. 270. — ^Arrhenoblaatoma of the ovary. The upper figure shows the 
tubular adenoma type. 


may arise from luteal cells. It is unilateral, of small or 
moderate size, an orange-yellow color, and high fat content. 
Microscopically it is composed of large pale cells similar to 
those of adrenal corte;x.*^ Hypemephroid tumors of the 
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ovary, similar to the clear cell adenocarcinoma of the kid- 
ney, also occur. These yellow malignant tumors do not 
produce masculinization.^^ 

THE FALLOPIAN TUBES 

The fallopian tubes have a muscular wall covered on the- 
outer surface by peritoneum, and lined by a mucosa which 
is thrown up into intricate papillary arborescent folds. 
Some of the cells lining the mucosa are ciliated, while others 
are nonciliated and appear to have a secretory function. 
The tubal epithelium undergoes some cyclical changes 
with the menstrual cycle. During menstruation or preg- 
nancy, the epithelial cells are low or flat. A few days after 
menstruation the epithelium becomes tail, columnar, and com- 
pact. After ovulation the ciliated cells become lower, and 
the lining epithelium appears flattened and irregular or 
uneven. Activity of secretory cells becomes more prominent 
and in later parts of the cycle they too become lower.^ 

Salpingitis. — ^Inflammation is the most common tubal 
lesion. In 60 to 80 per cent of cases this is due to gonococcal 
infection. Streptococcal or staphylococcal infection of the 
tube is commonly due to post-abortal or post-partum spread 
from an infected uterus. Less than 5 per cent of cases of 
salpingitis are tuberculous. 

The gonococcus reaches the tubes from an infection of the 
cervix, spread by way of the endometrium. In acute sal- 
pingitis the tube is swollen, reddened, and has a purulent 
exudate in the lumen. Microscopically, the mucosal folds 
are enlarged, edematous, and diffusely inflltrated by poly- 
morphonuclear leucocytes. Later this inflammatory exudate 
also involves the muscularis and serosa of the tube. The 
fimbriated extremity may become adherent to the ovary and 
extension of the infection to the ovary by way of a ruptured 
follicle produces a tubo-ovarian abscess. With subsidence 
of the inflammation to a subacute phase, a greater propor- 
tion of lymphocytes and plasma cells compose the exudate. 

In the nongonorrheal acute salpingitis, there is greater en- 
largement of the tube, and the inflammatory infiltration is 
proportionately greater in muscular and serosal layers. 

In chronic salpingitis the thickened mucosal folds are in- 
filtrated by lymphocytes and plasma cells, and muscularis 
and serosa may be similarly involved. Adhesions may be 
present between mucosal folds and when marked result in 
a gland-Uke or , follicular pattern (follicular salpingitis). 
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The lumen often becomes blocked by adhesions. The puru- 
lent exudate may accumulate and greatly distend the blocked 
tube into a large retort-shaped mass (pyosalpinx). Eesorp- 
tion of the exudate ultimately leaves the cavity filled with a 
watery fluid (hydrosalpinx) . The mucosal folds may be very 
atrophic and flattened (hydrosalpinx simplex), or due to ad- 
hesions the folds may form a number of distended compart- 
ments (hydrosalpinx follicularis). 

Salpingitis isthmica nodosa is a form of chronic salpingitis 
in which the medial portion of the tube is nodular. In most 
cases the nodules are due to diverticula of tubal epithelium, 
but some of the nodules may be inflammatory lesions without 
diverliculosis.-'* Microscopically, one sees marked thickening 
of the wall, and a number of small irregular lumina lined 
by mucosal epithelium. These epithelial-lined spaces must 
be distinguished from endometriosis and from tumor. 


r 



Fig. 273. — Hydrosalpinx. Note the retort-shaped deformity of the 
fallopian tube. (Courtesy Dr. H. C. Schmeisser.) 

Tuberculous salpingitis is secondary to tuberculosis else- 
where, usually in the limgs, but is the primary site of tuber- 
culosis in the female genitalia. From the tube spread often 
occurs to endometrium and to peritoneum. The microscopic 
appearance is similar to that of tuberculosis elsewhere, with 
epithelioid and giant cells, and caseation. 

Tumors of the FaUopian Tubes. — ^Primary carcinoma of 
the tube is a rare lesion. The tube is greatly enlarged and 
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sausage-shaped. Microscopically it is usually a papillary 
carcinoma. Metastatic carcinoma of the tube is more fre- 
quent than the primary form and is usually from the ovary 
or uterus. Sampson has demonstrated the method by which 
implantation of such tumors may occur in tubal mucosa.^^ 

Tubal Pregnancy. — Ectopic pregnancy results when a fer- 
tilized ovum becomes implanted in any site other than the 
endometrium. In most cases the ectopic site is in a fallopian 
tube. An important factor causing tubal pregnancy is the 
effect of chronic salpingitis which prevents passage of the 
fertilized ovum into the uterus or delays it until the tropho- 
blast is developed suffteiently for successful implantation. 
Chorionic villi penetrate the tubal wall. A decidua forms 
in the endometrium similar to that which would form if the 
implantation were in the uterus. 

In most cases of tubal pregnancy, death of the ovum oc- 
curs in a few weeks. Tubal rupture is common. This may 
be internal, with bleeding into the tube (hematosalpinx) or 
external rupture into the abdominal cavity. In the latter 
case bleeding is usually profuse and sometimes fatal. Tubal 
abortion occurs when the ovum breaks away and is expelled 
from the tubal orifice. This usually causes hematosalpinx 
and often profuse bleeding into the abdominal cavity also. 
Tubal pregnancy is the commonest cause of hematosalpinx. 
When the ovum dies, the uterine decidua may be discharged 
as a thick cast. 


THE XJTERUS 

The uterus has a thick muscular wall, the myometrium^ 
and a lining layer, the endometrium, composed of glands set 
in a connective tissue stroma. The main portion is the 
corpus or body of the uterus, while the smaller lower part, 
the neck or cervix of the uterus, protrudes into the upper 
part of the vagina. The cervical Hning layer also contains 
glands, though distinctive from those of the body of the 
uterus, and surrounds a narrow canal. The portion of cervix 
which protrudes into the vagina is covered by squamous 
epithelium. 

The uterus undergoes remarkable hypertrophic changes 
during pregnancy, followed after delivery by normal re- 
gressive and atrophic changes. One of the most serious com- 
plications of this process is infection, i.e., a puerperal endo- 
metritis and myometritis, which in severe cases may spread 
widely by lymphatics and veins. 
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The endometrium undergoes cyclic changes under the 
influence of ovarian hormones. These changes are in prepa- 
ration for implantation of a fertilized ovum, and failing this, 
culminate in menstruation. Ovarian endocrine imbalance 
may disturb the endometrial cycles, so that pathologic hy- 
perplasia or other abnormalities result. Tiunors arising from 
the endometrium are most commonly adenocarcinomas. En- 
dometritis is most often due to abnormal retention of pla- 
cental tissue, but tuberculous endometritis not uncommonly 
follows tuberculous salpingitis. Ectopic endometrial tissue 
(endometriosis) is quite frequent in various situations in the 
pelvis. Most commonly the misplaced islands of endome- 
trium are in the muscular wall of the uterus, the condition 
here being termed adenomyosis. 

The chief lesion of the myometrium is a benign tumor of 
smooth muscle and connective tissue, termed a flbromyoma 
or “fibroid.” These tumors are extremely common, par- 
ticularly in the Negro race, are often multiple, and reach 
large sizes. A small proportion undergo sarcomatous change. 

Endometrium 

Pathologic disturbances of the endometrium include ab- 
normalities of the cyclical hormonal changes, inflammation, 
tumors, and ectopic endometrium (endometriosis). 

CycUcal Cbajoges. — The cyclical changes are controlled by 
the ovarian hormones of the maturing follicle (estrogen) 
and the corpus luteum (progesterone). The estrogenic ef- 
fect is essentially to stimulate proliferation of endometrial 
glands. Progesterone promotes a secretory activity of the 
glands, and a decidua-like change in the stromal cells. If 
pregnancy fails to occur, the corpus luteum degenerates, and 
there is a breakdown of the endometrium with hemorrhage 
and sloughing of all except the most basal layer (menstrua- 
tion). Thus there are three main phases in the menstrual 
cycle; (1) the proliferative (fifth to fourteenth day of cycle) 
controlled by estrogen, (2) the secretory (fifteenth to twenty- 
eighth day) in which progesterone as well as estrogen influ- 
ences the endometrium, and (3) the menstrual (first to 
fourth day). The beginning of the cycle is counted from 
the first day of menstruation, since that is a point most 
easily determined. Ovulation usually occurs near the middle 
of the cycle (fourteenth day) and is followed shortly by 
corpus luteum formation and a progesterone effect on the 
endo metriu m. The histologic changes are summarized in 
Table XVI. 
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Table XVI 


Histology of the Menstrual Cycle 


DAY OP 
CYCLE 

OVARY 

! ENDOMETRIAL 
PHASE 

ENDOMETRIAL HISTOLOGY 

1 

to 

4 

Degenerating 

corpus 

luteum 

Menstrual 

Infiltration of leucocytes, de- 
generation and breakdown of 
endometrium; hemorrhage 

and sloughing of endometri- 
um 

5 

to 

12 

Developing fol- 
licle 

Mature follicle 

Proliferative 

(estrogen) 

Regeneration of endoznetrinm* 
from basalis. Glands round- 
ed, regular, with piled-up 
cells; mitoses; stromal ceUs 
elon^ted, spindly with 

scanty cytoplasm 

13 

to 

Ovulation 



15 


Glandular epithelium lines up 
in single layer ; snbnuclear 
vacuolmatlon, followed soon 
by peripheral vacuolization 
of glandular epithelium with 
basal nuclei; glands tortuous, 
saw-toothed; stroma edema- 
tous in early stages, later 
stromal cells swollen, round- 
ed, finally decidua-IiKe; con- 
gestion of blood vessels and 
infiltration of polymorpho- 
nuclears and lymphocytes in 
final stages 

16 

to 

28 

Corpus luteum 

Secretory 
(estrogen + 
progesterone) 


During the menstrual phase (first to fourth day) there are 
degeneration and breakdown of the endometrium, with 
thrombosis of blood vessels and infiltration of leucocytes. 
Except for a basal layer the endometrium is desquamated- 
Prom the remaining basal tissue there is rapid regeneration. 
The basal layer does not participate in the histologic changes 
of the cycle. 

The proliferative phase (fifth to fourteenth day) extends 
from the end of menstruation to ovulation and is controlled 
by estrogen from the developing ovarian follicle. It is char- 
acterized by active proliferation of cells and formation of 
straight tubular glands. At first the endometrium is 1 to 2 
mm. in thickness and contains 3 or 4 glands per low-power 
field, set in a loose stroma. The lining epithelial cells are 
columnar, have nuclei at all levels, and are crowded together 
or ‘^piled-up.’’ In the latter, part of this stage, mitoses may 
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be numerous in the glands. The glands in this phase appear 
very regular in outUne, and either elongated or round, de- 
pending upon the direction in which they have been sec- 
tioned, Toward the end of this phase, the nuclei of the 
glandular cells are basal in position, and the cell.s become 
longer. The average number of glands now may be 6 or 7 
in a low-power field, and the endometrium is 2 to 2.5 mm. 
in thickness. The stromal cells are elongated, spindly, and 
have scanty cytoplasm. 



Fig. 272. — ^Endometrimn in proliferative phase. The rounded and 
regular glands are lined by several layers of cells. 

The secretory (differentiatiye or progestational) phase 
(fifteenth to twenty-eighth day) extends from ovulation to 
the beginning of menstruation. Its characteristic features 
are the effect of progesterone produced by the corpus luteum. 
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Hence when these changes are present, ovulation may be 
assumed to have occurred. The main features are tortuosity 
of the glands, evidence of secretory activity, and in later days 
of the phase a swelling and rounding up of the stromal cells 
so that they resemble decidual cells. 



Fig. 273. — Endometiilua m early secretory phase. The sahnaclear 
vacuolizatioii is a characteristic feature. 

Early in the secretory phase the columnar glandular cells 
become more regularly arranged into line, no longer appear- . 
ing “piled up.” Clear vacuoles of glycogen appear at the 
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base of the cells, pushing the nuclei into a more central 
position. This subnuclear vacuolization is one of the impor- 
tant early indications of this phase. It is soon followed by 
vacuolization of peripheral parts of the cells and sinking of 
the nuclei to a basal position. The glands become twisted and 
have a very irregular, saw-toothed appearance. In early days 
of this phase the stroma is loose and very edematous, particu- 
larly in its central portions, so that a spongy layer may be 
distinguishable between a lining compact layer and the basal 
portion. Late in the phase the stromal cells become swollen 
and rounded, possess abundant cytoplasm, and are young 
decidual cells. The endometrium at this time may be 4 to 7 
mm. in thickness. The blood vessels are congested, and there 
may be small hemorrhages. At the end of this phase there 
is an infiltration of polymorphonuclear leucocytes and lympho- 
cytes in the stroma.^®* 



Fig. 27i. — ^Endometrium in secretory phase. Note the irregularity of 
the glandular linings. 

Endometrial Hyperplasia. — Cystic glandular hyperplasia 
of the endometrium is an exaggeration of the changes of the 
proliferative phase of the menstrual cycle. It is due to exces- 
sive estrogen production, either absolute or relative, because 
of failure of ovulation and corpus luteum formation. 
Follicular retention cysts are usually present in the ovaries. 
Most cases occur after the age of 35 years, and it is most 
common around the menopausal period. Its chief symptom is 
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irregular and persistent bleeding (functional uterine bleed- 
ing). The bleeding is believed to occur when there is a sharp 
drop or withdrawal of estrogenic hormone, and hence it is not 
correlated with the degree of hyperplasia, nor is it a regular 
and invariable accompaniment. Endometrial hyperplasia also 
accompanies tumors having excess estrogenic hormone pro- 
duction, such as granulosal-cell and theca-cell tumors. Dur- 
ing reproductive years, it is a benign lesion, but after the 
menopause endometrial h3Tperplasia may predispose to adeno- 
carcinoma.^® 



rig. 275. — ^Decidual change in endometrial stroma. 

The hyperplastic endometrium is thickened, velvety, and 
often roughened by folds or irregular polypoid projections. 
Curettage produces abundant endometrial fragments which 
are firm, smooth, intact, non-necrotic and nonfriable, and 
hence usually distinguishable grossly from the abundant but 
friable and necrotic masses obtained when there is carcinoma 
of the uterus. ^ 

Microscopically the endometrium has the features of pro- 
liferative endometrium, with the addition of marked irregu- 
larity in size of the glands. Some glands are small, some 
medium-sized, and others show cystic enlargement. When the 
latter are abundant, the endometrium has a characteristic 
‘‘Swiss cheese” appearance. Proliferative activity (mitoses) 
is sometimes evident in the stroma as well as in the glandular 
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Fig. 276.--Endometrial hyperplasia. ''Swiss cheese'' appearance due to 
eystlike dilatation of endometrial glands. 
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epithelium. The endometrium appears similar at all levels, 
without layering. Small focal areas of degeneration and 
necrosis, with thrombosis of small vessels, are sometimes 
present. 

Endometrial Polyp. — ^Endometrial polyps are localized 
areas of benign overgrowth of endometrium, attached by a 
narrowed pedicle or base. Endometrial hyperplasia may be 
polypoid in form, but polyps also occur singly and without 
generalized endometrial change. They may undergo cyclical 
changes with the rest of the endometrium, but often they 
show a proliferative type of change only, with cystic glandular 
dilatation and a picture similar to endometrial hypeiplasia. 
Large polyps often ulcerate and bleed or show considerable 
inflammation. Malignant change in a polyp is uncommon. 

Endometritis. — ^Inflammation of the endometrium may be 
due to puerperal infection (streptococcus, staphylococcus, 
etc.) I gonorrhea, or tuberculosis. The most severe form is 
the acute puerperal infection, which is often associated with 
myometritis, infective thrombophlebitis, and lymphangitis. 
Hence the infection may spread throughout the pelvis and to 
other parts of the body. Gonococcal endometritis is usually 
less important than the tubal and cervical inflammation. 
Tuberculous endometritis is secondary to tuberculosis of 
the Fallopian tube and shows the usual microscopic picture of 
epitheloid and giant cells. Postabortive endometritis is 
commonly seen in curettings sent to the laborato^ and is 
identified by finding remnants of retained chorionic villi. 

Endometriosis. — ^Endometriosis refers to the condition of 
ectopic endometrium, or endometrial tissue in an abnormal 
position. The most common abnormal site is the muscular 
wall of the uterus, there having been direct invasion of myo- 
metrium. Here the condition is termed adenomyosis or 
internal endometriosis. Other common sites are ovary, 
fallopian tube, or peritoneal surfaces any place in the 
pelvis. Occasionally the condition involves laparotomy 
scars or the umbilicus. 

There are two main theories regarding endometriosis, 
neither of which satisfactorily explains all eases. Sampson 
presented evidence that it is due to retrograde menstrua- 
tion, i.e., viable fragments of endometrium which pass 
through the fallopian tube at the time of menstruation and 
implant on serosal surfaces. The second theory is that it 
is due to coelomic heteroplasia, i.e., an abnormal differentia- 
tion of certain areas of coelomic epithelium. The serosal 
cells of the peritoneum and the mucosa of the uterus, tubes, 
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and vagina have a common origin, and some hormonal factor 
may stimulate the metaplasia in extrauterine sites. Adeno- 
myosis appears to be best understood as an exaggerated in- 
vasiveness of the endometrium. There is usually a direct con- 
tinuation of the uterine mucosa with the endometrial areas 
in the myometrium. 

The extrauterine endometrial masses are usually small 
cysts, often only a few millimeters in diameter, containing 
a thick chocolate-like fluid and possessing a hemorrhagic 
linin g- In the ovary these chocolate cysts may be several 
centimeters in diameter but in rare cases are very large. 
They are easily confused with hemorrhagic corpus luteum 
cysts. When endometrial implants of pelvic peritoneum are 
numerous, they cause considerable irritation and development 
of pelvic adhesions. The aberrant endometrial tissue may 
respond to ovarian hormonal stimuli with periodic men- 
strual'’ bleeding. Hence the cystic dilatation by accumula- 
tion of chocolate-colored hemorrhagic material. Eupture of 
the cysts causes peritoneal irritation, fibrosis, and adhesions. 



Identification of endometriosis depends on microscopic 
recognition of endometrial glands and stroma. In the larger 
endometrial cysts, as in the ovary, this may be difficult due 
to atrophy of much of the endometrial lining. The symptoms 
caused by endometriosis are often those of chronic pelvic 
inflammation, although dysmenorrhea may be prominent. 
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Tumors of the Corpus Uteri 

Tumors arising from the body of the uterus include: 

1. Pibromyomas (fibroids) arising from the myometrium, 
and whieh occasionally by malignant change result in sar- 
coma; 

2. Adenocarcinoma arising from endometrial glands, and 
its rare variant, adenoaeanthoma ; 

3. Sarcoma derived from endometrial stroma; 

4. Mixed tumors of mesodermal origin, and 

5. Hydatidiform mole and chorionepithelioma, which re- 
spectivdy are due to cystic degeneration and malignant 
change in chorionic villi. 



Fibromyoma (Myoma, Fibroid). — ^The commonest tumor 
of the uterus is a benign smooth muscle growth of the 
muscular wall. It occurs during the reproductive age and 
tends to regress after the menopause, whether artificial or 
induced. It is said to occur in 20 per cent of womai over 
35 and has a much higher incidence in the Negro race. The 
tumors are frequently multiple, grow to large size, and are 
subject to degenerative changes on account of iiieir poor 
blood supply. They distort the uterus, have secondary effects 
on die endometrium, and interfere with pregnancy and 
ddivery. A small proportion become malignant. 
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Etiology. — The etiology of uterine myomas is not known, 
though a relationship to hyperestrinism has been postulated. 
Evidence for this is incomplete. Sterility is quite common 
with fibromyomas, probably as an effect rather than a cause. 

Gross Appearance. — ^Most fibromyomas involve the body 
of the uterus, but a troublesome small proportion are in the 
cervix. The tumors begin in the myometrium as intramural 
growths. With continued expansive growth they may take 
up a position beneath the peritoneum (subserous fibroids) or 
beneath endometrium (submucous fibroids). In either case 
they can become pedunculated and attached by a narrow 
pedicle or neck which carries their blood supply, and which 
is easily twisted. Intraligamentous fibroids are those which 
extend out between layers of the broad ligament. In rare 
cases the omentum becomes adherent to a pedunculated 
fibroid and provides a new blood supply. The uterine at- 
tachment may be lost, and it becomes a wandering or 
parasitic fibroid. The tumors are always well circumscribed 
and easily shelled out from their surrounding pseudocapsule. 
Usually multiple, they vary in size from a few millimeters to 
enormous growths many centimeters in diameter and 
weights up to 100 pounds have been reported. On being 
cut a fibroid tends to bulge outward due to retraction of 
surrounding myometrial tissue. The cut surface is firm 
and has a characteristic whorled, trabeculated appearance 
due to interlacing bundles of muscle fibers. 

Microscopic Appearance. — ^Microscopically the bundles of 
smooth muscle cells can be seen running in aU directions and 
producing the whorled pattern. When cut longitudinally, 
the muscle cells are spindle shaped, with elongated rod-like 
nuclei. When the bundles are cut across, the cells appear 
rounded with central round nuclei. The fibrous stroma may 
be slight but is variable in amount. Mitoses are rare, and 
there is but little variation in the size, shape, and staining 
properties of the cells. 

Degenerative Changes. — Degenerative changes in fibroids 
are very common, due mainly to their poor blood supply. 
These secondary changes include hyaline degeneration (most 
common), necrosis and red degeneration, calcification, and 
cystic degeneration. Telangiectatic and fatty changes occur 
but are imusual. Infection of a fibroid is most common in 
the submucous type. Sarcomatous change affects but a small 
proportion of fibroids (probably less than 2 per cent) and 
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often may be suspected grossly when the cut surface of the 
tumor is soft, white, and brain-like in consistency and ap- 
pearance. 

Effects. — The more important effects on the uterus are 
caused by the interstitial and submucous fibroids. They may 
result in great distortion of the uterus and its cavity, so that 
growth and accommodation of a fetus or its delivery may be 
impossible. With submucous fibroid the overlying endo- 
metrium becomes thin and atrophic. Infection, endometrial 
inflammation, and sometimes bleeding result from submucous 
growths. 

Adenocarcinoma of the Uterus. — Carcinoma of the body 
of the uterus is an adenocarcinoma arising from endometrial 
glands. It comprises about 10 per cent of uterine car- 
cinomas, being much less common than carcinoma of the 
cervix. Its peak incidence is after the menopause, at about 
55 years. The chief symptom is post-menopausal bleeding, 
the diagnosis being made, except in advanced cases, by 
curettage and microscopic examination of tissue fragments. 
Post-menopausal hyperplasia of the endometrium appears 
to have some relationship to development of adenocarcinoma.^® 

Gross Appearance. — The tumor may involve the endome- 
trium diffusely, making it thick, rough, and polypoid, before 
there is much myometrial invasion. The tumor tissue tends 
to be bulky, friable, and often with areas of necrosis. In 
other cases the tumor tissue is localized to one part of the 
fundus and may be polypoid in form. 

Microscopic Appearance. — ^Microscopically, there is 
usually a well-differentiated glandular structure, but with 
marked irregularity and lawlessness of pattern. Often the 
glands are closely and irregularly placed, with littie stroma 
between them. Actual invasion through basement membranes 
may not be seen except in the more mali^ant examples. 
The cells show varying degrees of differentiation. There may 
be marked variation in size, shape, and staining of cells and 
many typical and atypical mitoses in the highly malignant 
types. Histologic grading, on the basis of the proportion of 
differentiated and undifferentiated cells, is into four groups 
according to the method of Broders (see p. 204) and gives 
some incfication of prognosis. 

Spread. — Spread of adenocarcinoma of the uterus is chiefly 
by lymphatics to involve the lumbar glands at the lower end 
of the aorta, and sometimes the inguinal glands. There is a 
variable degree of direct invasion of the myometrium, and 
extension to the cervix occurs readily. In some cases there 
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is implantation on tubes, ovaries, or peritoneum. Blood vessel 
spread is a late event. 

Adenoacanthoma. — ^Adenoacanthoma of the uterus is an 
uncommon type of adenocarcinoma in which there are areas 
of benign squamous epithelium among the gland-forming 
tumor cells. The squamous metaplasia is from certain “in- 
different” cells beneath the columnar epithelium which pos- 
sess the ability to form squamous epithelium.^ 

Sarcoma of the Uterus. — Sarcoma of the uterus is rela- 
tively uncommon, constituting about 3 per cent of uterine 
malignancies. It is most common during the fourth and 
fifth decades. Sarcoma may arise from fibromyomas or 
from muscle or connective tissue elements of the uterus. Its 
symptomatology does not easily distinguish it from other 
uterine malignancies. 

The gross appearance may suggest the diagnosis but often 
is not distinctive. In malignant myomas the firm con- 
sistency and whorled appearance of fibroids are lacking, and 
the tissue is soft, rubbery, and fleshy. Endometrial sarcoma 
is often polypoid. 

Microscopically the tumor may be a spindle cell, round 
cell, or mixed type. The degree of malignancy rather ac- 
curately parallels the number of mitoses.*® Metastasis is 
mainly by blood stream to the lungs and liver, and to a 
lesser extent by direct extension and lymphatics. 

Mesodermal Mixed Tumors. — ^The rare mixed tumors of the 
uterus are probably due to inclusion and persistence in the 
Mullerian organs of mesench 3 rmal cells which have a capacity 
for differentiation into various mesodermal tissues. Most 
cases arise in the body of the uterus and occur about the fifth 
decade. Those arisiag in the cervix occur at an earlier age. 
A grape-like type, sarcoma botryoides, involves particularly 
the upper vagina and occurs almost exclusively in infancy. 
The mesodermal mixed tumors are highly malignant and have 
a poor prognosis. 

The growth begins in the mucosal layer and assinnes a 
polypoid form.' While not clinically distinctive, it is very 
constantly manifested by a sanguineous discharge from the 
vagina. Portions of the tumor are sometimes passed per 
vaginam. 

Various types of tissue occur in these tumors, but myxom- 
atous tissue and cartilage are most constant'. Striated 
muscle fibers are frequent constituents. Myxosarcomatoxus 
and undifferentiated sarcomatous elements also are com- 
mon.®‘ 



FEMAI.E GEKITAL ORGANS 


595 


HydatiiMonu Mole and Chorionepithelioma. — These 
tumors arise from fetal membranes, rather than from the 
tissues of the mother, but have the ability to invade and 



Fig. 279. — ^Hydatidiform mole. Note the projecting grape-like vesicles 
which compose the mass. (Courtesy Dr. H. C. Schmeisser.) 


destroy maternal tissues extensively. Determination of the 
degree of malignancy and prognosis from microscopic exam- 
ination is a difficult procedure with many pitfalls. 
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The normal chorionic \ilhis is covered by two layers of 
trophoblastic cells. The inner layer of Langhans cells is 
composed of cnboidal cells with a pale nucleus and cytoplasm. 
The outer or syncytial layer consists of masses of cytoplasm 
having multiple very dark nuclei. These trophoblastic cells 



Fig. 280. — Olxorionepithelioma. 


are normally invasive, and even in normal pregnancy may be 
found invading myometrium and even blood vessels, and some 
cells may be carried to the lungs, but always regress and dis- 
appear, This normal invasive property may cause confusion 
in diagnosis, being mistaken for malignant invasion. The 
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benign invasion (infiltration vrith sjTic\i:iiim only) is some- 
times called syncytial endometritis or syncytioma.®®* 

Hydatidif orm mole is a hydropic degeneration of chorionic 
villi, which become enlarged into clusters of grape-like 
vesicles. Blood vessels are scanty, and there is some prolifera- 
tion of trophoblastic cells. This abnormality is uncommon, 
and while it is benign, the patient must be carefully followed 
as some cases progress to malignant chorionepithelioma. 
Various gradations occur between the benign hydatidiform 
mole and the malignant chorionepithelioma. 

Hertig®^ found some degree of hydatidiform degeneration 
of chorionic villi in two-thirds of spontaneously aborted path- 
ologic ova, apparently due to absence or defectiveness of 
feti circulation. The typical hydatidiform mole appears to 
be derived from a pathologic ovum in which the embryo was 
absent or defective, but which failed to abort at the usual 
time. 

Chorionepithelioma is a very malignant and extremely 
rare tumor. There is massive overgrowth of both Langhans 
and syncytial cells, which exhibit many of the atypical fea- 
tures of malignant ceUs elsewhere. Invasion occurs freely 
in the pelvis, and blood stream spread occurs to the lungs and 
other organs. The ovaries are involved by multiple lutein 
cysts which reach a large size. 

The biologic pregnancy tests (Aschheim-Zondek and Fried- 
mann) are positive when living trophoblastic tissue is pres- 
ent in the body, and hence are often impoiftant in the diag- 
nosis and management of hydatidiform mole and chorion- 
epithelioma. Quantitative tests are even more useful than 
the ordinary qualitative procedures. It has been emphasized 
that spinal fluid gives a positive qualitative test in the pres- 
ence of mole or chorionepithelioma, but not in normal preg- 
nancy.^® 

Chorionepithelioma also occurs in the male as a form of 
teratomatous tumor of the testis. Its microscopic features and 
malignancy are similar, and in such cases also the biologic 
pregnancy test is positive. 

Pulmonary Embolism Prom the Uterus. — ^In addition to 
pulmonary embolism with placental fragments, there also 
may be widespread embolism of small pulmonary vessels by 
particulate matter found in amniotic fluid and by meconium. 
This may cause severe shock and pulmonary edema, coming 
on during labor or soon after its conclusion.®® 
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THE OEEVIX UTEEI 

The cervix or neck of the uterus connects the vagina with 
the uterine cavity. It has an internal os, a canal lined with 
mucosa having high columnar epithelium and racemose 
glands, an external os, and a vaginal portion. At the ex- 
ternal os there is a rather sharp line dividing columnar 
epithelium of the endocervix from the squamous epithelium 
which covers the portion which protrudes into the vagina. 
The main lesions of the cervix are inflammation (cervicitis), 
pol3q) formation, and carcinoma. Carcinoma of the cervix 
is a frequent and highly important tumor. In most eases 
it is a squamous-cell carcinoma arising from epithelium of 
the vaginal portion. Adenocarcinoma of the endocervix is 
uncommon, and when it occurs, it is often dif&cult to be 
sure that its origin has not been from endometrium. 

Cervicitis 

Acute cervicitis is commonly the result of gonococcal in- 
fection, though it may be caused by other organisms. Chronic 
cervicitis may be caused by traumatic or mechanical factors 
in addition to bacterial causes. It is one of the commonest 
gynecologic lesions and is the usual cause of va^nal dis- 
charge or leueorrhea. In chronic cervicitis the chief micro- 
scopic change is an infiltration of plasma cells and lympho- 
cytes. Erosion of the cervix is a lesion in which there is an 
area of loss of the squamous covering of the cervix, and 
eventual replacement by columnar epithelium of the endo- 
eervix. This is to be distinguished from ectr-dpion or ever- 
sion of the endocervical mucosa due to laceration of the 
cervix. In cervicitis inflammatory obstruction of the out- 
lets of endocervical glands often results in their cystic 
dilatation (Nabothian cysts). Epidermidization (squamous 
metaplasia) is a common change in the cervix, particularly 
in the healing phase of erosions. Squamous epithelium in- 
vades beneath the lining of cervical glands, with a gradual 
lifting up and replacement of the cylindrical epithelium by 
squamous epithelium. This process is benign and is dis- 
tinguished from carcinoma by the normal appearance of 
the squamous epithelial cells, the infrequency of mitoses, 
and the absence of invasion of interstitial tissues. 

Tuberculous cervicitis is rare, and usually secondary to 
tuberculosis in the Fallopian tube. While the gross appear- 
ance may simulate carcinoma, the usual picture of tuber- 
culosis is seen microscopically. 
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Fig. — {Squamous metaplasia in cemx. Squamous epithelial 

cells of benign appearance re]glacing glandular linings. (From Doug- 
lass and Faulkner : Essentials of Obstetrical and Gynecological 
Pathology.) 


Cervical Polyp 

In benign cervical polyp there is a localized overgrowth or 
heaping np of cervical mucosa, which becomes pedunculated 
and inflamed. It is often associated with inflammation of 
the cervix. Polyp tends to cause intermenstrual spotting 
or bleeding, and hence clinically it must be differentiated 
from carcinoma. Epidermidization is common in cervical 
polyps, but carcinomatous change occurs in very few. 

Carcinoma of the Cervix 

Carcinoma of the cervix is one of the most important and 
frequent forms of cancer affecting women. About 95 per 
cent are squamous-cell carcinomas, the remainder being 
adenocarcinomas arising from the cervical canal. The peak 
incidence is from 40 to 50 years, but many cases occur in 
the thirties. The most important factor in prognosis is the 
degree of extension when treatment is instituted, and sec- 
ondarily the histologic grade of malignancy. Early cases 
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often are not distinctive grossly, so that early diagnosis 
depends on biopsy of suspicious areas. Spread is mainly 
by lymphatics. 

Etiology. — ^Little is known concerning etiologic factors 
in cervical carcinoma. The chronic irritation of untreated 
lacerations from childbirth and other types of chronic 
cervicitis have been considered predisposing factors, but 
even these have been somewhat discredited. Certain types 
of leucoplakia are precancerous, or even early noninvasive 
carcinoma. Early eases have been recognized which exhibit 
characteristic cytologic changes of malignancy, but with- 
out invasion. They have been variously termed “pre- 
cancerous,” “noninvasive potential carcinoma,” “carcino- 
ma in situ,” etc., and whether or not they have actually 
passed the borderline of malignancy is still debated.®* The 
lesion is probably similar to Bowen’s preinvasive carcinoma 
of the skhi (see page 634). 

Gross AppEARANCaE. — ^The gross appearance of carcinoma 
of the cervix is not distinctive in early stages. It presents 
a small, hardened, granular or friable area at the margin of 
the external os. Later the tumor may grow outward, form- 
ing an everting growth of cauliflower appearance, or it may 
be inverting, extensively invading the cervix and vaginal 
wall, which are hardened and thickened. The Schiller test 
is of clinical value in bringing early suspicious areas into 
prominence when iodine is painted on the cervix. Normal 
cervical epithelium, due to its glycogen content, stains 
brown with iodine, whereas carcinomatous cells are de- 
ficient in glycogen and remain unstained. 

Microscopic Appearance. — ^Microscopically, the tumor is 
composed of squamous epithelial cells showing varying de- 
grees of differentiation and atypicalness in their size, shape, 
staining reactions, polarity, and pattern. Invasiveness is 
evident except in the very earliest cases. Some keratin 
pearl formation may be present in the more highly differen- 
tiated examples. 

Gradino and Prognosis. — ^In the cervix as elsewhere, the 
degree of malignancy of a tumor may be estimated from 
its growth activity and the immaturity or undifferentiation 
of ^e cells. The most commonly used systems of grading 
are those of Broders and of Martdoff. The features of these 
systems of grading are outlined in Table XVII. 

The system of Broders is applicable in other situations 
as well and has been discussed on p. 204. The tumors are 
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Table XVH 


Grading of CARciNOitA op the Cervix 



BRODERS 

MARTZLOFF 

% 

Least malignant 
Least radiosensi- 
tive 

Grade I 

0-25% Tindiflferentiated 
cells 

100-75% mature cells 

Spinal cell type large 
mature cells, poly- 
hedral with definite 
cell outlines. Few 
mitoses. Keratiniza- 
tion may be present 

16 

Intermediate ma- 
lignancy 
Intermediate ra- 
diosensitivity 

Grade II 

26-50% undifferenti- 
ated cells 

74-50% mature cells 

TransitionaZ cell type 
roimd nuclei, closely 
packed, indefinite ceU 
boundaries 

1 

Grade III 

51-75% undifferenti- 
ated cells 

49-25% mature cells 

Highly malignant 
Most radiosensi- 
tive 

Grade IV 

76-100% undifferenti- 
ated cells 

24-0% mature cells 

Spindle cell type, deep 
staining — elongated 
nuclei, no definite cell 
boundaries, many mi- 
toses 

12 


classified into four grades. Grade I tumors have less than 
25 per cent undifferentiated cells; grade 11, 25 to 50 per cent 
undifferentiated; grade HI, 50 to 75 per cent undifferenti- 
ated; and grade IV more than 75 per cent undifferentiated. 
The grades I and 11 tumors are less malignant and radio- 
sensitive, the grades III and IV more malignant and radio- 
sensitive. 

Martzloff divided the tumors into three groups accord- 
ing to the predominant cell type, designated as (1) spinal 
cell, (2) transitional cell, and (3) spindle cell. In the 
least m^ignant spinal cell type the cells resemble those of 
the normal superficial layer of cervical squamous epithelium. 
The ceUs are large and polyhedral, have a large nucleus, 
abundant cytoplasm, and definite cell outline. These cells 
are relatively mature, and keratinization with epithelial 
pearls may be present. The transitional cell type is of inter- 
mediate malignancy and has the highest incidence. The 
cells resemble those of the middle layer of cells in the 
cervical squamous epithelium. They have rounded nuclei, 
often deeply staining, with little cytoplasm and indefinite 
cell outlines. The spindle cell type somewhat resembles 
the compact basal cells of squamous epithelium. This 
variety may have a sarcomatous appearance, the cells be- 
ing elongated or spindle shaped, with dark-staining closely 
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placed nuclei, indefinite CTtoplasm, and numerous mitoses. 
This type is most malignant and radiosensitive. 

Histologic jading indicates rate of growth and degree 
of radiosensitivity but is probably less important in prog- 
nosis and as a guide to treatment than is the degree of ex- 
tension of the tumor at the time examined. In this regard, 
certain stages of the disease have been designated as a guide. 

Group I. Carcinomas limited to the cervix ; the uterus is 
mobile. About 80 per cent obtain five-year cures. 

Group n. Carcinoma spreading upward into uterus and 
downward into vagina ; the uterus is partially mobile. 
About 40 per cent have five-year cures. 

Group III. Carcinoma extending outward into the 
parametrium, with beginning fixation of the uterus. 
About 12 per cent have five-year cures. 

Group IV. Carcinoma massively invading parametrium 
and extending to wall of pelvis, with complete fixa- 
tion (“frozen pelvis”). No five-year cures. 

Combined consideration of the histologic grade and the 
degi-ee of extension leads to the most accurate prognosis. 

A diagnosis of cervical or endometrial carcinoma can often 
be made by expert examination of a vaginal smear, but should 
be confirmed by biopsy or curettage."’ “ 

Extension and Metastasis. — ^Direct extension of cervical 
carcinoma occurs in a radial manner, and may massively 
involve the vagina and body of the uterus. Involvement 
of the parametrium may be by direct extension or by 
lymphatic permeation. Lymphatic extension is important, 
with metastasis developing in iliac and hypogastric nodes, 
and sometimes in sacral, obturator, lumbar, and inguinal 
nodes. In late stages there may be some blood stream spread. 
The cause of death is often obstruction in the urinary tract 
(e.g., blocking of ureters), leading to uremia, or hemorrhage 
due to eroaon of a large vessel. 

THE VULVA 

The vulva, which includes structures from pubis to per- 
ineum, is subject to infiammatory lesions, atrophic changes, 
and tumors. Being covered by skin, the vulva is involved 
by the same infiammatory and neoplastic lesions as affect 
skin elsewhere. In addition venereal lesions occur fre- 
quently, including gonorrhea, syphilis, chancroid, lympho- 
granuloma venereum, and granuloma inguinale. 



FEMALE GENITAL ORGANS 


603 


Venereal Lesions 

Gonorrheal inflanunation of the vnlva affects particularly 
the urethra, the periurethral Skene’s duets, and Bartholin’s 
glands. The squamous epithelium of adult vulvar and 
vaginal mucosa is resistant to gonorrheal infection, though 
the thin mucosa of infants is not. Bartholinitis is most 
commonly the result of gonorrheal infection, and m acute 
stages there is much swelling of the gland due to purulent 
exudate. In chronic phases there may be blockage of the 
duet, and cystic distension of the gland. Chronic gonor- 
rheal infection may linger long in Skene’s duets and 
Bartholin’s glands. 

The primary chancre of syphilis may involve the vulva, 
and in the secondary stage flat condylomas occur there (see 
p. 133). 

Granuloma ingninale is a spreading ulcerative granu- 
lomatous lesion affecting the vulvar region. There is a sub- 
cutaneous infiltration of leucocytes, plasma cells, and char- 
acteristic large, foamy mononuclear cells which contain in 
their cytoplasm the encapsulated causative organisms, the 
Donovan bodies (see p. 149). 

Lympho^nnloma venereum is due to a virus. Ulcera- 
tion (esthiomene) and productive lesions (elephantiasis) 
involve the vulva, and spread occurs to pararectal lym- 
phatics (see p. 151). 

Kraurosis 

J&aurosis is a shrinkage or atrophy of the vulva. A 
mUd degree of such atrophic change is common after the 
menopause, but in kraurosis the change is extreme. It is 
probably due to withdrawal of ovarian hormones. 

Leucoplahia 

LeueoplaMa of the vulva may be localized or may affect 
the whole vulva. It begins vdth hypertrophic changes in 
the epithelium, followed by atrophy and shrinkage. Chronic 
inflammatory cells are present in the subepithelial tissues. 
A collagenous layer develops beneath the epithelium, but 
there is absence of elastic tissue. The condition has as- 
sociated serious symptoms, and there is a marked tendency 
to development of carcinoma. 

Carcinoma 

The most important tumor of the vulva is epidermoid 
carcinoma. It occurs in elderly women, usually after 60 
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years of age, and in about one-half of all cases is preceded 
by leucoplakia. The microscopic features are similar to 
those of epidermoid carcinoma elsewhere on the skin. There 
is early Isnaphatic extension to the superficial inguinal 
nodes, and later to deep inguinal, hypogastric, and iliac 
nodes, so that successful surgical removal is difficult. 

In rare instances adenocarcinoma arises from Bartholin’s 
gland. Hidradenoma of the vulva is a rare benign tumor of 
sweat gland origin. It is easOy mistaken for adenocarcinoma 
(Fig. 282). Also rare are tumors of the clitoris, which have 
a more sarcomatous appearance. 



Pig. 282. — ^Hidradenoma of the vulva. 

TOXEMIA OF PBEGNAEOY 

The etiology of the toxemias of pregnancy (eclampsia, 
pre-eclampsia) is still uncertain. 'The main theories are 
that it is (1) a form of hypertensive cardiovascular renal 
disease, modified and colored by the metabolic disturbances 
of pregnancy, (2) an endocrine dysfunction, in which the 
pituitary plays the main part, (3) due to a toxic material 
absorbed from the placenta, particularly from areas of in- 
farction. Whatever the exciting causes, changes in struc- 
ture and function of the kidneys are constantly present. 
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Lesions are found in the kidneys, liver, placenta, and 
sometimes in other organs. The changes in the kidney have 
been described (see p. 312). NarroTring of capillary loops 
of glomerular tufts, mainly by thickening of the basement 
membranes, and degenerative changes in convoluted tubules 
are the usual findings. 

The liver may show gross lesions which, while not con- 
stantly found, are so characteristic as to be diagnostic. Ir- 
regular large and small areas of hemorrhage may be evident 
on both the capsular and cut surfaces (see Plate IX, p. 382). 
Areas of hemorrhagic or anemic necrosis are common. Micro- 
scopically, there are hemorrhages and necroses of hepatic cells. 
These lesions are particularly in periportal areas, although 
any part of the liver lobule may be involved. The lesions have 
been attributed by some to thrombi in periportal venules. 
Diffuse degenerative changes are present in hepatic cells 
and sometimes destructive changes are so severe and wide- 
spread as to be classed as acute yellow atrophy. 

Necrotic and hemorrhagic areas similar to those of the 
liver are occasionally found in other tissues, such as adrenal 
cortex. Areas of infarction very constantly occur in the 
placenta. The pituitary has been described as having in- 
creased numbers of basophiles, which may show hyaline 
degenerative changes. Basophilic invasion of the posterior 
lobe of the pituitary probably has no significance as far as 
eclampsia is concerned. 
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CHAPTEK XXII 
THE BEEAST 

The breasts have an origin from the skin similar to that 
of sweat or sebaceous glands and like them are branched 
tubular glands. They are composed of a number of sepa- 
rated subdivisions, or lobes, each of which is drained by a 
duet. The various ducts come together and open at the nip- 
ple. The inner ends of the various ducts branch and re- 
branch, the beginning of the ducts being small glands or 
acini. 

During fetal development and until about four months 
after birth title breast develops a duct system of 15 to 25 
branching epithelial channels. Quiescence then follows until 
puberty, when there is renewed growth of the ducts. This 
developmental period is transient in males, and is followed 
by quiescence and involution. In females the ductal develop- 
ment continues during adolescence, and is accompanied by 
increase in the surrounding fibrous and fatty tissue, and by 
development of buds of cells at the ends of the tubules or 
ducts. Acinar structures differentiate from these buds under 
hormonal stimulation as sexual maturity is reached. With 
the occurrence of pregnancy and lactation, there is maximum 
acinar development. Proliferation of acinar buds appears to 
be a response to estrogenic stimulation, differentiation into 
acini is promoted by luteal hormones, and secretory activity 
is initiated by the pituitary. Throughout life the breast 
tissue is under the influence of pituitary and ovarian 
hormones. Mild cyclic changes involving hyperplasia 
followed by involution occur with each menstrual cycle. 
Luteal hormones influence epithelial hyperplasia in the 
breast in the latter part of the menstrual cycle. Regres- 
sion occurs in the breast at the onset of the menstrual 
phase of the cycle, with involution and desquamation of 
epithelial cells, and infiltration of a few lymphocytes in the 
periglandular connective tissue. 

Dping pregnancy the breast undergoes a tremendous 
proliferative activity. There is a great increase in number 
of glandular acini and relative decrease in connective tis- 
sue, apparently due to uninterrupted influence of luteal 
hormone. Following parturition, the placental hormone be- 
ing withdrawn, secretory activity and lactation follow stim- 
ulation by the pituitary hormone, prolactin. The dense 
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glandular structure and hyperactive epithelium of the breast 
during pregnancy and lactation are a revelation of the 
power of physiologic hormonal stimulation. Following the 
menopause involutionary changes occur; connective tissue 
gradually replaces the glandular tissue, and the breasts 
decrease in size. 

Pathologic changes in the breast consist of disturbances 
of the cyclic (hormonal) activity, the irritant effects of re- 
tained secretions, acute and chronic infections, and tumors. 

Hypertrophy 

Excessive development of the breasts is usually associated 
with endocrine disturbances. Hypertrophy in the male, 
gynecomastia, most commonly is associated with teratomatous 
tumors of the testicle, less often with tumors of the adrenal 
cortex or pituitary. Precocious puberty in female children 
usually has associated an excessive mammary growth, and 



Fig. 283. — ^Lactating breast. 


is found with granulosa-cell and theca-cell tumors of the 
ovary, adrenal cortical disturbances, and certain destructive 
lesions of the hypothalamus. Overgrowth of the breasts dur- 
ing adolescence (virginal hypertrophy) or during pregnancy 
(gravid hypertrophy) appears to be an excessive response to 
hormonal stimuli on the part of abnormally sensitive mam- 
mary tissue. 
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CHBOMIC CYSTIC MASTITIS 

Chronic cystic mastitis is a condition of diffuse or ir- 
regular proliferative change in the epithehrun and con- 
nective tissue of the breast, often with cyrtic dilatation of 
the ducts. The term “chronic cystic mastitis,” while deeply 
rooted, has evident defects in that the condition is not a 
chronic inflammation in the usual sense and is not always 
cystic. Numerous attempts at substitution of a more suit- 
able name have resulted in a babel of nomenclature serving 
to confuse the subject greatiy. The following terms re- 
ferring to various phases of this condition may be encoun- 
tered: fibrocystic disease, fibrocj^ic mastitis, cystic hyper- 
plasia, chronic cystic mastopathia, Schimmelbusch’s disease, 
mazoplasia, cystiphorous desquamative hyperplasia, cysto- 
plasia, cystic disease of the breast, adenosis of the breast, 
and adenofibrosis. 

Etiology. — ^The etiology of chronic cystic mastitis appears 
to be imbalance of hormones (estrogen and progesterone) 
influencing breasts,*' “ or an irregular and abnormal re- 
sponse of the breast tissue to these endocrine influences. 
The irritative effects of retained secretions and desquamated 
material have been considered as another causative factor. 

Mild degrees of the condition are very common, being usu- 
ally a tender or painful area of breast tissue of increased 
density (mastodynia). The pain and swelling may be mainly 
premenstrual and due to vascular engorgement.* There is 
stimulation to diffuse fibrosis and epithelial activity. In more 
marked cases the breasts are diffusely nodular or “shotty.” 
Such nodularity is mainly due to epithelial hyperplasia, 
fibrosis, and microscopic cyst formation, and this stage has 
been referred to as “adenosis”* and “adenofibrosis.”® In a 
more advanced stage, one or more large cysts may result from 
secretory changes. Firm, freely movable masses varying in 
size up to several centimeters are sometimes palpable. "When 
the nodularity is not diffuse, the condition must be distin- 
guished from carcinoma. The age of greatest incidence is be- 
tween 35 and 45 years. 

Gross Appearance. — The gross appearance of the sec- 
tioned breast is often distinguished by the presence of cysts. 
Involved areas are gra3dsh, of rubbery consistency, and not 
sharply outlined. The cysts may be of varying size and 
number, but they are not always present. The colorless 
content of the cysts shining through their tense, translucent 
walls gives them a bluish color (blue-domed cysts). Oc- 
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casionally the contents of the cyst are brown or yellow from 
altered blood pigment. The cat ends of dilated ducts may 
release casts of grayish desquamated material. 

IVQcroscopic Appearance. — ^The microscopic features con- 
sist of: (1) epithelial changes, (2) cyst formation, (3) 
fibrous hyperplasia and (4) lymphoc^c infiltration. These 
features esist in varying combinations and proportions and 
some may be entirely absent. The cysts, which vary from 
microscopic size to several centimeters in diameter, are be- 
lieved to be dilated duets rather than glands. They are 
lined by a single layer of flattened or cuboidal epithelium. 
Obstruction of duets by epithelial debris and retarded in- 
volution have been offered as explanations of the cyst forma- 
tion. 

Hyperplastic' epithelial changes are usually present in 
ducts and glands. Solid buds of epithelial cells may be 
formed, or localized proliferations of the lining of ducts 
cause irregular papillary projections into l£e lumen. 
Bridges of epithelial cells may unite opposite walls, or the 
lumen may be completely filled by the proliferative epithe- 
lium. Sometimes the hyperplastic epithelial cells are large, 
clear, or pale, of a type suggesting sweat gland epithelium. 
Irre^ar atrophic changes may be present in the epithelium 
instead of hyperplasia. In those cases- where intraductal 
proliferation is marked and papillary masses fill the lumen, 
a distinction tirom neoplasm, either duct papilloma or car- 
cinoma, may be very difficult. Such distinction must be 
based on the histolo^c character of the cells, and the pres- 
ence or absence of invasion beyond the ductal basal mem- 
brane. 

Fibrous hyperplasia with increase in coimective tissue 
stroma is usual, and occasionally the stromal overgrowth 
is marked enough to simulate the appearance of a fibro- 
adenoma. Infiltration of lymphocytes in the stroma is a 
common but inconstant finding. Their presence originally 
suggested that the condition was of inflammatory nature, but 
they are now known to be part of the involutionary phase of 
cyclical activity. 

Sclerosing adenosis is a term commonly applied to a le- 
sion which is easily and frequently misiaterpreted as car- 
cinoma.^^ A localized and somewhat lobular area of glandu- 
lar hyperplasia undergoes fibrosis. The dommant ov^growth 
of hyalinizing connective tissue, by constricting the epithe- 
lial cells, produces variability in their shape and pattern. 
Thin isolated epithelial columns residt, and microscopically 
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there is a simulation of invasiveness and pleomorphism. How- 
ever, in this benign lesion mitoses are absent except in the 
florid stage and nuclear staining is regular. 

Myoepitihelial cell proliferations in the breast, either alone 
or in eases of cystic mastitis or fibroadenosis, if not recog- 
nized are easily misinterpreted as malignant, as has been 
pointed out by Kuzma.^® 

’ Mazoplasia, — The term mazoplasia was introduced by 
Cheatle and Cutler,® referring to a diffuse nodularity of 
the breasts, without cyst formation, but with pain, usu- 
ally related to menstrual periods. They felt this condition 
was more physiologic than pathologic, had no etiologic 
relationship to carcinoma, and shoidd be sharply distin- 
guished from the cases of ‘^chronic mastitis'' in which cysts 
or papillomas occur. The condition is coinmon between 
30 and 40 years of age.® This condition of painful mam- 
mary tissue is referred to by others^ as ‘‘mastodynia." 

The changes in mazoplasia are desquamation of epithelial 
cells filling and disten^ng terminal ducts and acini, hyper- 
plasia of connective tissue about the ducts and acini, and 
accumulation of lymphocytes. 

Belationship to Carcinoma. — ^The relationship of chronic 
cystic mastitis to carcinoma has been a greatly debated 
point and obviously is of importance. That it is not pre- 
cancerous and causes no great likelihood of malignant 
change has been the view of Bloodgood and others. At the 
other extreme, Cheatle and Cutler® consider that at least 
20 per cent of breast carcinomas have passed through the 
type of chronic cystic mastitis which they term ‘‘cystipho- 
rous desquamative epithelial h 3 rperplasia." Whether or not 
chronic cystic mastitis should be considered a truly ‘‘precan- 
cerous" lesion, statistical studies by Warren® and by Weller 
and Logie® have shown that it is associated with a definitely 
greater likelihood of development of breast cancer. The can- 
cer attack rate for women with chronic mastitis in the age 
groups from 30 to 49 years was found to be 11.7 times the 
rate for the general female population. While this risk is 
insufficient to justify bilateral mastectomy for chronic cystic 
mastitis, subsequent careful watching is warranted. 

Galaotocele. — Galactocele is a cyst containing milk, re- 
sulting from a duct obstruction during lactation. It is a 
rare lesion. 

Fat Necrosis of the Breast 

The uncommon condition of fat necrosis in the breast is 
usually the result of trauma.^® The necrotic areas are opaque. 



THE BREAST 


613 


and grayish yellow or chalky in appearance. The micro- 
scopic appearance is characterized by areas of necrosis and 
multinucleated foreign body giant cells and hence may be 
confused with tuberculosis. 

Mastitis and Abscess of the Breast 

Acute infection in the breast is most commonly due to 
staphylococci or streptococci which gain entrance via a 
cracked nipple during the period of lactation. By one of the 
main ducts spread occurs into the breast substance where 
a localized abscess forms. Chronic periductal or plasma cell 
mastitis is an inflammation in and about larger duets near 
the nipple, usually found in older women near menopausal 
age. It may simulate carcinoma on gross examination.®® 

Tuberculosis of the Breast 

Tuberculous mastitis, although rather rare, may give 
difSculty in clinical differentiation from carcinoma. Most 
cases are secondary to tuberculosis elsewhere in the body, 
^read to the breast commonly being from infected axillary 
or mediastinal lymph nodes, or by blood stream. Micro- 
scopic diagnosis is usually necessary. Since fat necrosis and 
plasma cell mastitis can produce a somewhat similar micro- 
scopic picture, demonstration of the organisms may be neces- 
sary for positive diagnosis. 

Benign Tumors of the Breast 

Fibroadenoma. — ^Fibroadenomas are compound epithelial 
and connective tissue tumors in which growth of flbrous 
tissue is associated with hyperplasia of glandular cells. 
There are two t3T)es : pericanalic^ar, in which flbrous over- 
growth surround the glandular spaces, and intraeanalicular, 
in which proliferated connective tissue projects into the 
ducts as polypoid masses. Fibroadenoma of the breast is 
not a preeaneerous lesion. Its occurrence does not increase 
the chances of carcinoma developing in the breast. 

The fibroadenomas are firm, lobulated, encapsulated tu- 
mors, easily movable in the Isreast, and they usually re- 
main quite small. Microscopically, the pericanalicular form 
shows marked proliferation of connective tissue around the 
jimTii, so that each tubule appears surrounded by a ring of 
fibrous tissue. The innermost portion of the fibrous sheath 
frequently shows a myxomatous change. In the intra- 
<<n.Tnt1ieii1fl.r form a more diffuse growth of the connective 
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tissue draws out and distorts the acini, so that polypoid 
masses of connective tissue covered by a layer of epitheliuia 
project into the lumen. If the pedicles of these masses are 
not included in the section, the duct lumina appear filled 
by rounded masses of connective tissue covered by a layer 
of epithelium. 



Fig. 284. — ^Fibroadenoma of breast, partiaUj intracanalicular. 


Duct Papilloma. — ^Duct papilloma (adenocystoma, intra- 
cystic papilloma) is a papillary epithelial tumor which 
projects into a dilated duct, often quite close to the nipple. 
It occurs most commonly in the fourth or fifth decade and 
is often multiple. The tumor may or may not be palpable 
clinically, but discharge from the nipple, often bloody, is a 
common symptom. &ossly, the papilloma forms a soft 
arborescent papillary growth, projecting into a cystic space 
which contains a clear or hemorrhagic fluid. 

Saphir and Parker^® have described three microscopic 
forms: fibrous, glandular, and transitional. The fibrous 
type consiirts of ramifjdng stalks of connective tissue cov- 
ered by epithelium, projecting into the dilated duct. Fusion 




616 



Pig. 287. — Intraductal papilloma of breast. 
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of the stalks results in psendoglandnlar structures. The 
glandular type shows hyperplastic or adenomatous acini in- 
vaginated into a duct or cyst. The fibrous and glandular 
types are benign. The transitional cell type resembles in 
appearance a papilloma of the bladder. Although histolog- 
ically benign, there is greater danger of carcinoma develop- 
ing on the basis of this transitional cell type. 

Malignancy in an intracystic papillary tumor is suggested 
by marked variation in size, shape, and staining of cells 
and their nuclei, frequent mitoses, and invasion. Penetra- 
tion of the basement membrane and invasion of stroma are 
the most important indications of malignancy. 

Cancer of the Breast 

The breast is one of the common sites of carcinoma in 
women, but rare in males. It may occur at any adult age 
but is most common between 40 and 60 years. As in other 
carcinomas, the etiology is incompletely known. Certain 
factors, however, are believed important. These include 
hereditary susceptibility, irritation of retained secretion 
due to inadequate drainage by nursing following pregnancy, 
endocrine (estrogen) disturbances, trauma, and fibrocystic 
disease. A^ile injection of large quantities of the ovarian 
hormone estrogen frequently produces mammary cancer in 
susceptible experimental animals, the relationship, if any, 
to human breast carcinoma is still not clear. The relation- 
ship of fibrocystic disease (chronic cystic mastitis) to can- 
cer is likewise debatable (see p. 612). This lesion appears 
to predispose to development of breast carcinoma, but there 
is no certain means of determining which case will develop 
malignancy and which wiU not. Hence, careful watching 
rather than radical operative procedure appears the best 
choice. Trauma is rarely an important etiologic factor. 

Classification into the various anatomic and histologic 
types of breast carcinoma is a useful procedure which may 
be one of the factors in determining prognosis. Such classifi- 
cations cannot always be strict, however, as diiferent por- 
tions of the tumor may show a diiferent condition. Like- 
wise, degree of differentiation of the tumor cells, in size, 
shape, arrangement, and staining also indicates the degree 
of malignancy. In prognosis, however, such anatomic con- 
siderations are only one factor, to be considered in conjunc- 
tion with the size of the tumor, presence or absence of 
metastases, age and condition of the patient, pregnancy, 
lactation, etc. 
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It has been recently pointed out that, in general, the 
malignancy of breast cancer increases as its origin ap- 
proaches the periphery of the breast.® Those which arise 
in large ducts near the nipple tend to form large movable 
tumors which ulcerate, fungate, and have a low degree of 
malignancy. In the mid-portion of the mammary duct sys- 
tem arise tumors of moderate malignancy, some developing 
on the basis of fibrocystic disease. At the periphery of the 
breast, in the terminal ducts and acini, are encountered the 
small, highly anaplastic, most malignant breast tumors. 



Pig. 288. — ^MeduUary carcinoma of breast. (Courtesy Dr. H. C. 

Schmeisser.) 

Scirrhous Carcinoma. — Scirrhous carcinoma forms a hard 
nodule, most frequent in the upper and outer quadrant of 
the breast. The tumor is not encapsulated and soon be- 
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comes adherent to skin or deep fascia. The ent surface is 
composed of a hard, gritty, grayish, translucent tissue, with 
occasional opaque, yellowish areas of necrosis. There is no 
definite margin, but irregular lines of fibrous tissue radiate 
out into the surrounding tissue. 

Microscopically there are thin masses and columns of 
epithelial cells, separated by an abundant dense fibrous 
stroma. Gland formation is slight ; mitoses are infrequent. 
Scirrhous carcinoma tends to progress more slowly than 
the medullary type, and with less tendency to ulcerate or 
form a bulky tumor. 



Fig. 289. — CareizLozna of breast. Strands and islands of atypical tumor 
cells are surrounded by a fibrous stroma. 


Medulla^ Carcmoma. — Medullary carcinoma forms a 
soft, massive tumor, of relatively rapid growth, which tends 
to ulcerate and form a fungating mass on the surface. 
Microscopically, it shows masses of malignant epithelial 
cells, separated by a scanty stroma. There is often some 
tendency to gland formation. 

In occasional cases signs of inflammation in the breast 
(edema, redness, and heat) may arise simultaneously with 
the development of the breast cancer, or after the tumor 
has been present for some time. The inflammatory signs 
are due to lymphatic blockage and congestion by cancer 
cells. The growth disseminates rapidly throughout the 
breast and tumor nodules appear in the skin. Such ‘‘in- 
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flamniatory” or “acute” carcinomas progress rapidly and 
have a poor prognosis. 

Adenocarciiioma. — Some degree of differentiation into 
glandular structures is not uncommon in the scirrhous and 
medullary forms and in the papillary tumors arising in 
ducts. The true adenocarcinoma, in which gland formation 
is predominant, is much less common. It forms a soft bulky 
tumor of slow growth and relatively low-grade malignancy. 



rig. 290. — Mucoid earcinoma of breast. 

Duct Carcmoma. — ^Duct carcinoma includes two types of 
tumors: (1) maligiiant papillary tumors arising from ducts 
and ojften representing a malignant change in a duct papil- 
loma; and (2) comedo carcmoma, so called because on the 
cut surface plugs of tumor cells may be expressed from duets, 
giving an appearance similar to that when a comedo is ex- 
pressed from a blackhead. Small dark-staining oval cells 
proliferate within the ducts, forming a thick lining or wall 
within the ducts. The tumor cells grow diffusely along 
ducts and for a long time remain within the ducts, so that 
evidence of invasion may be' absent. The tumor grows 
slowly, metastasizes late, and has a relatively favorable prog- 
nosis. 

Mucoid (Gelatinous) Carcinoma. — Gelatinous carcinoma 
of the breast is a rare tumor which remains small for a long 
period, is apt to cause protrusion and enlargement of the 
nipple, and have a cystic character on palpation. The mu- 



Plate XI. — ^Paget's disease of tlio nipple. Numerous Paget cells in different stages of degenoruliou nro seen in the 
epithelial layer. Some idasiua cells are seen in the subepithelial papillae. (From McCarthy, Liee: Histopathology of 
Skin Diseases, St. Louis, The C. V. Mosby Company, 1931.) 
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coid nature is evidenced grossly in the tumor by a gray, 
translucent appearance, which may be diffuse throughout 
or involve only a portion of the tumor. When the gelati- 
nous change occurs in a papillary cancer or adenocarcinoma, 
the change is apt to be diffuse. Those showing partial 
mucoid change are usually of the scirrhous type. The gelat- 
inous material is secreted by the tumor cells. Micro- 
scopically there are nests of tumor cells surrounded by 
loose stroma distended with mucoid material. 



Fig. 291. — Sarcoma of breast. Bemnauts of epithelial structures are 
evident (adenocarcinoma) . 

Paget’s Disease of the Nipple. — ^Paget’s disease begins as 
a chronic eczematous lesion of the nipple, often with ex- 
tension to adjacent sMn of the breast, and later develop- 
ment of a duct carcinoma in the underlying breast. Section 
of the involved skin shows characteristic clear, hydropic, 
'‘Paget” cells in the epidermis. The exact relationship of 
the epidermal change to the underlying duct cancer is a 
matter of debate. Rarely, a similar change in epidermal 
cells is found in other parts of the body. The carcinoma as- 
sociated with Paget’s &sease of the nipple has a relatively 
low degree of malignancy. 

Sarcoma of the Breast. — Sarcoma is an uncommon tumor 
of the breast. It may arise from the connective tissue 
stroma, from a pre-existing fibroadenoma, from fat, or from 
underl3dng muscle tissue. 
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Adenosarcoma, which represents a malignant form of 
adenofibroma, is the most frequent type. The malignant 
transformation of the connective tissue is accompanied by 
epithelial elements. The tumor tends to remain circum- 
scribed until a considerable size is reached, but there is 
a marked tendency to recurrence following local removal. 

Cystosarcoma phyUoides (giant mamma]^ myxoma) is a 
very large bulky tumor of slow growth derived from a fibro- 
adenoma. Gro^y, it has a caulMower-like appearance, with 
multiple frond-like masses, or cystic spaces into which project 
polypoid masses. Microscopically, myxomatous connective 
tissue is the predominant feature, forming polypoid masses 
covered by a layer of epithelium. While characteristically 
benign in nature, and successfully treated by wide local ex- 
cision, malignant (sarcomatous) variants have been de- 
scribed.^® 


Spread of Cancer op the Breast 

Direct invasion and metastasis by lymphatics and by 
blood stream are all important in breast cancer. Scirrhous 
carcinoma particularly tends to invade adjacent tissues, 
often involving pectoral muscles. Spread by lymphatics 
may be by direct growth along the channels (lymphatic 
permeation) or more commonly by tumor emboli. Lym- 
phatic spread to axillary nodes is most common, but occa- 
sionally there is early involvement of mediastinal nodes. 
Spread to supraclavicular nodes is usually a late feature. 
Pleural and lung involvement may be by direct extension 
through the pectoral fascia to subpleural lymphatics, or 
from mediastinal nodes. The liver occasionally is invaded 
by a spread through lymphatics of the coronary ligament. 
Spread by blood stream gives rise to metastases in the red 
marrow of bones. 
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CHAPTER XXIII 
THE SKIN 

The general principles of inflammations, infections, and 
neoplasms apply in involvement of the skin as elsewhere, 
modifled in some instances by the position and structure 
of the skin. 

Structure 

The skin is composed of two main layers, the epidermis 
and corium. The epidermis, or outer portion, has a well- 
defined basal layer of columnar cells next to the corium, 
which dips down between papillae of the corium to form 
interpapillary processes. The cells of the basal layer under- 
go a gradual change to the flattened, resistant, cornified 
squamous cells found on the surface. In the intermediate 
layers of the epidermis the so-called prickle'' cells have 
prominent protoplasmic threads forming ^ intercellular 
bridges. The outer cornified layer of epidermis may under- 
go excessive growth (hyperkeratosis), be imperfectly comi- 
fied (parakeratosis), undergo degeneration or abnormal 
cornification (dyskeratosis), or may be atrophic with dimin- 
ished cornifieation. Tumors arising from epidermal cells 
are common. Inflammatory lesions involving epidermis 
produce vesicles and bullae (edema), pustules, and finally 
ulcers. 

The corium is the inner layer of skin, beneath the epi- 
dermis. It is a fibrous, elastic, and fatty layer which con- 
tains hair follicles, sebaceous glands, blood vessels, lymphat- 
ics, and nerve endings. The fat cells are usually in the 
deepest part of the corium, often referred to as subcu- 
taneous tissue. In inflammations of the skin it is usually 
in the corium that cellular, vascular, and degenerative 
changes are most prominent. Hypertrophy, atrophy, and 
neoplasia are types of pathologic change which affect ele- 
ments of the corium. Sebaceous glands are small racemose 
glands which occur in association with hair follicles. They 
may undergo hypertrophic, atrophic, cystic, and neoplastic 
changes. The sweat glands are tubular glands which form 
a coil. The common type is a small gland which discharges 
through a spiral duet passing through the epidermis. Larger 
sweat glands, known as apocrine glands, open into hair 
follicles and are found mainly in the axillary and genital 
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regions. Sweat glands may be diminished in number, but 
functional disorders are more common than anatomic 
changes. Rarely, tumors may arise from sweat glands 
(spiradenoma, carcinoma). Blood vessels, lymphatics, and 
nerves of the corium, in addition to involvement in inflam- 
matory processes, may give rise to tumors. Disturbances 
in the fat of the corium usually take the form of an ab- 
normal deposit (xanthoma) or a neoplasm (lipoma, lipo- 
sarcoma). Changes in the pigment deposits in the skin 
occur in a number of local and internal conditions (e.g., 
Addison’s disease), and pigmented cells give rise to tumors 
(melanoma). 

Infections and Inflammations of the Skin 

Tuberculosis. — ^Tuberculosis of the skin, or lupus, occurs 
in a wide variety of forms, the common type being a lo- 
calised form known as lupus vulgiuris. The granulomatous 
inflammation is found mainly in the deeper layers of the 
corium. The cellular changes are similar to those of tu- 
berculosis elsewhere, with the accumulation of epithelioid 
cells, multinueleated giant cells, and lymphocytes. Casea- 
tion is uncommon, however, and it is difficult to demonstrate 
tubercle bacilli in the tissues. The overlying epidermis may 
be unchanged, atrophic, or irregularly hypertrophic. Other 
skin lesions in which a tuberculous origin is suspected in- 
clude scrofuloderma and erythema induratum. 

Leprosy. — ^The leprosy bacillus most commonly affects 
skin (nodular form) and nerves (anesthetic form), although 
lesions may also be found in liver, spleen, lymph nodes, 
testicles, and elsewhere. The lesions of leprosy are mmilar 
in each situation. The histology is quite characteristic and 
acid-fast bacilli are usually easUy demonstrable. 

The skin is most commonly involved, irregular nodules 
or elevations affecting the face, hands, and feet, and less 
commonly the trunk. Sections from these nodules show 
an atrophy and flattening of the epidermis, and charac- 
'teristic changes in the corium. In this latter situation 
there occurs a peculiar granulomatous reaction, character- 
ized by swollen mononuclear cells containing abundant 
intracytoplasmic lipoid. In ordinary sections the lipoid is 
dissolved out, the cells exhibiting a pale, vaeuolate.d>jand 
foamy cytoplasm (foam cells). These cells vary in size, 
some of them being giant cells and occasionally multinu- 
cleated. They are phagoc^es, and clusters of the causa- 
tive bacilli (globi) are readily demonstrable in them, as well 
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as in endothelial cells lining blood vessels and lymphatics. 
The lepra bacillus multiplies within these cells. An abun- 
dant network of loose connective tissue and blood vessels is 
present in the lesion. A tuberculoid form also occurs, in 
which the histologic picture closely simulates tuberculosis. 


1 






Fig. 292. — ^NTodular (lepromatous) leprosy. 


Lepra bacilli and the tubercle bacUli are distinguished 
by the following points : the lepra bacilli are numerous in 
the lesions, intracellular, and arranged in masses or bundles; 
they are straight, plump, and contain coarse granules; tu- 



Plate XII.— Lepra bacilli in tisanes. Stained b 7 carbolfuchsin- 
metbylene blue, the organisms are seen extracellularly in bundles and 
also intracellularly as ' ' globi. ' ' (From McCarthy, Lee ; Histopatbology 
of Skin Diseases, St. Louis, The 0, T. Mosby Company, 1931.) 
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bercle bacilli arc scarce in skin lesions, occur singly or in 
small groups, and are slender, bent, and finely granular. 

Anesthesias of skin are due to involvement of nerves by 
the baciUi with development of the characteristic lesion. 
Trophic and traumatic lesions develop in the anesthetic 
areas. 

Blastomycosis. — In blastomycotic infection of the skin 
there is irregular epidermal hypertrophy with down-grow- 
ing interpapillary processes. Areas of edema develop in 
the epidermis, with infiltration of polymorphonuclear leu- 
cocytes and formation of tiny abscesses. The doubly con- 
toured, roimd, yeast-like organisms can usually be found in 
these epidermal abscesses. The underlying corium is in- 
filtrated by leucocytes, plasma cells, lymphocytes, and some- 
times giant cells. The organisms may be seen in such areas 
of the corium as well as in epidermis (see p. 155). 



Fig. 203. — Bhinoscleroma, showing the large pale Mikulicz cells. 

Bhinoscleroma. — This rare granulomatous infiammation of 
the nose has specific histologic features. The subepidermal 
tissue is packed with plasma cells, among which are charac- 
teristic large pale cells with a small nucleus and foamy 
cytoplasm and known as Mikulicz cells. Causative bacilli. 
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similar to Priedlander 's bacilli, are found in the cytoplasm 
of the Mikulicz cells. Hyaline bodies are present in the 
cytoplasm of other cells. The area undergoes a gradual 
fibrosis. 

Verruca Vulgaris. — ^The common wart, or verruca vul- 
garis, is apparently infective in origin and due to a filtrable 
virus. There are hypertrophy of both the outer keratinized 
layer and of the prickle-cell layer and irregular downward 
prolongations of the interpapillary process. There may be 
some infiltration of chronic inti am in at ory cells about blood 
vessels of the coriuni. 

Tumors of the Skin 

Precancerous Lesions 

A variety of skin and mucosal conditions, while not 
themselves neo})lastic, give rise to carcinoma so frequently 
that they may be termed ^ ‘precancerous. These are: (1) 
the keratosCvS — senile, solar, localized (cutaneous horn), and 
arsenical; (2) occupational dermatoses (tar products^ (3) 
x-ray and radium dermatitis; (4) xeroderma pigmentosum; 
(5) leueoplakia; (6) kraurosis.^ 

Keratoses. — ^The keratoses are characterized by a hyper- 
keratosis or thickening of the outer cornifying layers of 
epithelium. This may be accompanied by atrophy of re- 
maining portions of the skin, as in the keratoses of old age 
and keratoses (solar) due to excessive exposure to sunlight, 
which are not uncommon among farmers and sailors. A 
localized hyperkeratosis may produce a finger-like pro- 
jection or cutaneous horn. Arsenical keratosis develops 
usually on the palms or soles, due to continued absorption 
of the drug. 

Occupational Dermatoses. — ^The occupational dermatoses 
are chronic inflammatory conditions or hyperkeratoses due 
to^ long-continued irritation by certain chemicals. Tar and 
mineri oil and their products and derivatives are most 
important in this respect. 

Radiation Dermatitis. — ^Dermatitis due to overexposure to 
radium or x-rays is particularly apt to occur in certain sensi- 
tive skins and often has carcinoma as a late sequel. The 
carcinomatous change is usually preceded by hyperkerato- 
ses, fissures, ulcers, or scars. 

Xeroderma Pigmentosum. — ^In xeroderma pigmentosum 
there is abnormal sensitivity of the skin to sunlight. The 
condition usually appears in infancy or early childhood and 
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ends in death from carcinoma before adult age. Exposed 
areas of skin develop spotty pigmentations, warty hyper- 
keratoses, atrophy, and telangiectasia, and multiple car- 
cinomas appear. The disease appears to be inherited, with an 
incomplete sex linkage, rather than as a simple recessive. 

Leucoplakia. — ^Leucoplakia is a localized hyperkeratosis 
of mucous membrane epithelium, characterized by white 
thick patches. It is apparently due to a local chronic ir- 
ritation. Fissures and ulcerations tend to develop and pre- 
dispose to development of carcinoma. 

Eraurosis. — ^Kraurosis is an atrophic change in the mucosa 
of the vulva. It is believed in some instances to be a predis- 
posing factor in the development of squamous carcinoma 
(see p. 603). 

More rarely, carcinoma also may develop in other skin 
lesions, such as the scars of burns, lupus vulgaris, lupus 
erythematosus, etc. 

Carcinoma op the skin 

In the epidermis the two innermost layers are most active, 
i.e., the basal layer and the spinous-cell layer. The outer 
layers which undergo physiologic degeneration and death 
(keratinization) have little or no growth activity. Hence 
the main types of carcinoma of the skin arise from or simu- 
late the inner active layers of epithelium and are known as : 
(1) basal-cell carcinoma and (2) squamous-cell carcinoma 
(spinous-cell carcinoma). There are also mixed forms, in 
which the fundamental types of basal and squamous cells 
are present in varying proportion. Finally there occa- 
sionally occurs a carcinoma arising from special structures 
of the skin, such as hair follicles, sebaceous or sweat glands. 

Carcinoma of the skin ‘develops usually after middle age. 
It occurs particularly .bn 'exposed and unprotected parts^ of 
the skin, i.e., face, neck, arms, etc. Injury by excessive 
exposure to sunlight, heat, wind, x-rays, arsenicals, and 
other chronic irritants seems ^to be important in causation. 
The development of actual cancer is often preceded by be- 
nign keratoses, or other precancer ous^' lesions. Being 
readily accessible, treatment usually results in cure H the 
lesion is recognized in time. Size when first treated is irn- 
portant in prognosis. Lesions more than '6 centimeters in 
diameter have a high mortality. Most lesions less than 1 
centimeter in diameter can be cured. The histolbgic grade 
of malignancy is next in importance in prognosis. 
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Basal-Cell Carcinoma (Rodent Ulcer). — ^Basal-cell car- 
cinoma is the most frequent type of skin cancer, being par- 
ticularly common on the upper two-thirds of the face, about 
the nose and eyelids. It is a tumor of low-grade malignancy 



Pig. 294. — Basal-cell carcinoma of skui. 


and slow growth. It rarely metastasizes but erodes its way 
into surrounding tissues with ulceration and much local tis- 
sue destruction. This is the “rodent ulcer" form. It may 
also have a nodular or fungating form. 
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Microscopically, the tumoi* is composed of cords and 
masses of cells with deeply basophilic nuclei. Each mass of 
cells tends to have a definite margin composed of a palisaded 
row of cells which stain deeply with hematoxylin. Mitotic 
figures are not abundant. There is ordinarily no keratiniza- 
tion, or prickle cell formation. However, in about 10 per 



Fig. 295. — Squamous-cell carcmoxoa of finger. (Courtesy Dr. H. C. 

Schmeisser.) 

cent there is some prickle cell formation or a few nests of 
keratinization. Occasionally the pegs of basal cells tend 
to form a glandular or adenoid picture. Excessive pigment 
is sometimes present, so that the tumor is easily confused 
with a melanoma on gross examination. 
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Squamous-Cell Carcinoma. — Squamous-cell carcinoma (ep- 
ithelioma, acanthoma) occurs not only in the skin, but also 
wherever squamous or transitional epithelium is found. 



Pig. 296. — Squ&iaouS'Cell cftrcinoma. Not© the rounded zuasses of 
keratinized materiaL 

Hence it may involve the lip, month, tongue, larynx, cervix 
uteri, bladder, and esophagus. It may also arise in other 
situations, e.g., bronchial mucosa or gall bladder, presum- 
ably by a metaplastic change of the Iming epithelium. 




Plate Xin. — ^Epithelioma adenoides cysticum. Enlarged 30 times. Irrcgiilar nmasos and strands of opillielitil colls of 
basal cell type. Many of the masses of tumor cells sliow cystic centers containing desquamated and keratinized material. 
(Prom McCarthy, Lee: Histopathology of Skin Diseases, St. Louis, The C. V. Mosby Company, 1931.) 
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Squamous-cell carcinoma of the skin, like other types, is 
commonest after the fifth decade and is frequently related 
to some chronic injury or irritation. The tumor may appear 
as a projecting nodular mass, or an ulcer. Growth is more 
rapid than in the basal cell type, and metastasis occurs to 
regional l 3 nnph nodes. 

Microscopically, there is much greater irregularity than 
in the basal cell type. It is composed of irregular down- 
growths and masses of enlarged epithelial cells, which show 
marked variations and irregularities. Mitoses may be nu- 
merous and often are atypical. The amount of keratiniza- 
tion is variable. The keratinized cells are seen in concentric 
nests or “pearls.^* The masses of keratin and presence of 
prickle cells are the chief differential features for this type 
of tumor. 

The squamous-cell carcinoma which arises from the lip, 
tongue, intraoral mucosa, glans penis, or vulva tends to 
grow, penetrate, and metastasize more rapidly than the 
squamous-cell carcinoma of the skin. 

The lower lip is a particularly common site for carcinoma. 
These lesions are nearly all of the squamous cell type. The 
less frequent carcinomas of the upper lip are usually of the 
basal cell variety. Chronic irritation, as from excessive ex- 
posure to sunlight, pipe smoking, or bad oral hygiene, may 
be a predisposing factor. Leucoplakia may precede the 
formation of a carcinoma. The tumor may be papillary or 
ulcerative. Metastasis to submental and submaxillary nodes 
readily occurs (see p, 464). 

Epidermal hyperplasia which develops in certain chronic 
ulcers or chronic inflammatory processes may imitate the 
appearance of squamous-ceU carcinoma, and differentiation 
may be difficult. In this reactive h;^erplasia the epidermal 
cells are usually limited by a definite basement membrane, 
and there is less irre^arity of cells and architectural ar- 
rangement. The clinical features are often an aid in the 
differentiation. 

Epithelioma Adenoides Cysticnm (Brooke’s Tumor). — 
Brooke’s tumors are single or multiple, small, often familial, 
and occur mainly in early adult life. Histologically they 
may resemble a basal-cell carcinoma, but characteristically 
the epithelial strands have cystic spaces fiUed with hyaline 
or keratinized material. They are relatively benign. 

Basi-Squamous (Metatypical) Garcinonia. — ^The mixed cell 
type of carcinoma of the skin contains prominent features 
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of both basal and squamous carcinoma. It is of greater 
malignancy than the pure basal cell type. 

Tumors of Skin Appendages. — Origin of a tumor from 
one of the skin appendages is difficult to determine, since 
basal cells have the potential power of differentiation into 
any cells of the skin or its appendages. Basal-cell car- 
cinomas have been thought by some to arise from hair 
shafts. Sweat gland tumors (spiradenomas or syringomas 
and hidradenomas) are somewhat more common than seba- 
ceous adenomas (see Fig. 282, p. 604). Sebaceous gland 
carcinoma is easily confused with basal cell or squamous cell 
carcinomas but resembles sebaceous gland tissue in at least 
some portion. 

Pa^ul Tiuuors of the Skin. — The tuberculum dolorosum, 
or painful tumor of skin or subcutaneous tissue, is most 
commonly a glomus tumor or leiomyoma, but other varieties 
occasionally give pain. The glomus tumor is an angi- 
omatous neoplasm arising from the glomus or normal ar- 
teriovenous communication of the skin (see p..243). 

lutra-Epidermal Carcinoma. — In this condition carcinoma 
proliferates in the epidermis, but spread or metastasis be- 
yond this layer develops only occasionally or in late stages. 
One type, Paget’s disease, most commonly involves the nip- 
ple region and is described on p. 621. Another variety is 
known as Bowen’s disease. 

Bowen’s disease involves skin and certain mucous mem- 
branes. In the skin only about 3 per cent undergo eventual 
spread, but mucosal cases have a higher percentage of malig- 
nancy. The lesions are plaque-like or flat papules, and they 
may be single or multiple. Histologically, one sees dys- 
keratosis, great irregularity of epidermal structure, and 
mitoses, some of which may be atypical. 

Melanoma 

Melanomas are tumors arising from melanoblasts, i.e., 
cells capable of producing melanin pigment. The pigment 
actually produced in a particular tumor may be small in 
amount or abundant. Beni^ and malignant forms occur. 
The extremely common benign form is called a pigmented 
nevus. The relatively rare malignant form is referred to 
as a melanocarcinoma or melanosarcoma. Melanomas oc- 
cur most commonly in the skin but also are found in the 
mouth, rectum, and eye (see Pig. 5, p. 47) . 

The melanofolast is thought to be a modified basal cell of 
the epidermis and is capable of producing a pigmented ma- 
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terial from 3 :4 dihydroxy phenylalanine (dopa) by means of 
an oxidizing ferment which it contains. Melanin probably 
is produced by oxidation of some substance closely allied to 
dopa and to adrenalin. 

The nevus cells which compose a benign melanoma are be- 
lieved to arise from a tactile sensory nerve ending of the 
skin or from melanoblastie cells of the basal layer of the 
epidermis. 

Pigmented nevi are found in almost every individual. 
They occur in early years of life, grow to a certain size, and 
then remain stationa^ or become fibrotic. They are flat or 
raised pigmented lesions, with or without hair. Histolog- 
ically, the epidermis is thinner than normal, and the basal 
layer is often heavily pigmented. Beneath the epidermis 
are nests of rounded or polygonal, pale staining ''nevus 
cells,” which contain variable amounts of melanin. The 
cells occur in islands, separated by connective tissue, but 
there is no sharp line of separation or encapsulation, and 
the cells may extend somewhat irregularly into subcuta- 
neous tissue. It is usually considered advisable to excise 
those benign melanomas whose situation subjects them to 
constant irritation or trauma, e.g., those on the face or foot, 
as this predisposes to malignant transformation. 

Malignant melanoma (melanocarcinoma, melanosarcoma) 
most frequently develops on the face, neck, and extremities. 
The incidence is greatest between 30 and 60 years, but it 
may occur at any age. The tumor is of relatively uncom- 
mon occurrence in the Negro race. Most cases appear to 
develop from a previously benign nevus. 

Malignant melanoma is one of the most malignant of 
tumors. It invades blood vessels and lymphatics early, 
metastasizes widely, and is very radioresistant. The first 
metastases are often seen in the skin around the periphery 
of the tumor. Regional lymph nodes are involved early. 
Melanuria may occur when there are widespread metastases. 
The urine turns brown or black a short time after being 
voided. 

The possibility of malignant change in a pigmented nevus 
should be entertained when there have been repeated ir- 
ritations, noticeable increase in size or pigmentation, pain, 
or ulceration. In sui^ected malignant melanoma the entire 
growth should be widely excised, rather than biopsy of a 
portion. Histologic evidence of malignancy includes loss 
of architectural arrangement of the nests of nevus cells as 
well as the cytologic criteria used in other tumors. There is 
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often an inflammatory reaction in tlie stroma of tlie tumor. 
Metastatic nodules may be more highly pigmented than the 
primary tumor. 

Pigmented papillomas of the skin are benign epithelial 
tumors easily mistaken clinically for pigmented nevi, but 
containing no nevus cells and apparently with little tendency 
to malignant change.-* ‘ Sclerosing hemangiomatous tumors 
may be highly pigmented by hemosiderin, and must be dis- 
tinguished from melanotic tumors. 



Fig. 298. — Keloids. (Courtesy Dr. H. C. Schmeisser.) 


Tiimorlike Conditions of the Skin 

Keloid. — ^Keloids are fibromas developing in the eorium, 
usually as the result of trauma but sometimes spontaneously. 
They occur in individuals having a constitutional factor 
predisposing to their development and are relatively more 
common in the Negro race. Various types of minor or se- 
vere traumatism initiate their growth. They are particu- 
larly common following burns, are frequently multiple, and 
may reach a considerable size. 

Histologically, they are composed of bundles of dense, 
mature connective tissue. Mitoses are unusual except in 
early stages. Skin appendages are absent, and the over- 
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lying epidermis may be thinned out and its processes flat- 
tened. Distinction from hypertrophied scars may be difl5- 
cult, though the latter tend to have a less dense connective 
tissue, and skin appendages may be present. 

Elaposi’s Disease. — ^Multiple idiopathic hemorrhagic sar- 
coma, or Eaposi’s disease, is a rare condition of unknown 
ori^ and uncertain nature. The lesions are multiple and 
variable in form, but usually they are hemorrhagic and pig. 
mented. They tend to involve the extremities, particularly 
the lower, in symmetrical fashion. Temporary spontaneous 
regressions occur, but eventually metastatic lesions may de- 
velop in lymph nodes and internal organs. It is undecided 
whether the condition should be classed as a chronic granu- 
lomatous inflammation or as a true tumor. The lesions in- 
volve corium and are characterized by abundant dilated 
blood vessels and lymphatics, proliferating fibroblasts and 
deposits of blood pigment. The histologic appearance may 
be siTnilflT to that of a spindle-cell sarcoma, though clinically 
the condition is much more benign.®- * 

Mycosis Fungoides (granuloma fungoides). — ^Mycosis fun- 
goides is considered by some to be a lymphoblastomatous 
disease of the skin related to leucemia or reticulo-endothelio- 
sis, and by others to be an infective granuloma. In early 
stages there is an eezematoid eruption, followed by a tumor 
phase, in which there may be ulceration. In the tumor stage 
there is a dense massive accumulation of cells in the corium, 
with thinning and flattening of the overlying epidermis. In 
the cellular tumor-like mass the cells are polymorphic, ap- 
pearing as mononuclear cells, lymphoblasts, and pl^ma 
cells. Some polymorphonuclear leucocytes, eosiaophiles, 
and giant cells may be present. There is commonly an in- 
volvement of internal organs in addition to skin, and tiie 
findings may be those of leucemic reticulo-endotheliosis. 

Xanthoma. — Xanthomas are plaque-like or nodular lesions 
characterized by the presence of Upoids in a localized area 
of the corium. They are usually multiple, occur in various 
situations and quite commonly on the eyelids (xanthelasma). 
They may occur in association with diabetes or hyper- 
cholesteremia, but not necessarily so. Probably they shoxdd 
not be considered true neoplasms (see p. 431). 

Histologically the characteristic feature is the presence 
in the corium of lipoid-eontaining histiocytic “foam cells” 
and connective tissue proliferation. Lipoids can be demon- 
strated in the xanthoma cells, and crystals of lipoid material 
may lie in the tissues. Giant cells are sometimes present. 
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Fig. 299. — Boect's sarcoid. Upper figure shows a lesion of the 
skin, and lower figure, in a lymph node. Note the rounded masses of 
epithelioid cells, without caseation. 
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Inflammatory reaction is usually evident in the diabetic 
xanthomas, particularly about the margins of the nodule. 

Pyogenic Granuloma. — Pyogenic granuloma (Plate XIV) 
is an ulcerating, projecting, tumor-like mass of exuberant 
granulation tissue with abundant enlarged blood vessels. It 
appears to be the result of a chronic infection. 

Sebaceous Cysts (Dermoids and Epidermoids). — The so- 
called sebaceous cysts, or wens, are cystic tumor-like forma- 
tions in the skin, varying in size from a few millimeters to 
several centimeters. Within the cyst is a cheesy grayish- 
white substance composed of keratinized material, des- 
quamated partially cornified cells and granular debris. The 
walls are composed of epidermis (epidermoid or epidermal 
cysts) or may have skin appendages as well, i.e., sweat glands, 
sebaceous glands and hair (dermoid cysts). Epidermoid 
cysts have a tendency to familial and hereditary occurrence, 
but some are of traumatic origin, due to implantation of some 
surface epithelium in the corium. The term ''sebaceous 
cyst” is often loosely used in referring to almost any cyst of 
the skin having soft, semisolid contents. However, true re- 
tention cysts of sebaceous glands do occur, and have se- 
baceous gland cells as part of the lining. 

Sarcoidosis (Besnier-Boeck-Schaumazm Disease). — Origi- 
nally described as sarcoma-like nodular lesions of the sls^, 
sarcoidosis is now recognized as a generalized systemic disease 
in which there is most commonly involvement of lymph nodes, 
lung, bone marrow (phalanges), spleen, liver, eye, parotid, 
and other organs. The lesions consist of nodular accumula- 
tions of epithelioid cells, similar in appearance to the epithe- 
lioid cells in tuberculosis, with which the condition is most 
easily confused. Caseation usually does not occur, but when 
present it is not considered by some to be a criterion against 
the diagnosis of sarcoidosis.® The clinical manifestations de- 
pend upon the organs involved. Most patients are between 
20 and 40 years of age, and have a benign, but sometimes 
prolonged, course. Death from sarcoidosis per se is rare. 

Etiology. — The etiology of sarcoidosis is unknown. It fre- 
quently has been considered an atypical form of tuberculosis, 
although characteristically it is impossible to demonstrate the 
tubercle bacillus in the lesion by staining or animal inocula- 
tion, and the patients often do not react to tuberculin injec- 
tion. Harrel has suggested that it may be an exaggerated non- 
specific response to a lipid fraction of varied organisms. 
Closely related conditions in which sarcoid lesions are 
found include regional ileitis (see p. 488) and uveoparotid 




Plate XIV. ^Pyogenie granuloma. There is an excessive ^owtli of granulation tissue, rich in cells and containing in- 

numerable smil blood vessels and capillaries. (Prom McCarthy, Lee: Histopathology of Skin Diseases, St. Louis, 
The 0. V. Mosby Company, 1931.) 
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fever (Heerfordt s syndrome). In this latter condition one 
finds low-grade chronic fever, uveitis and parotitis showing 
similar epithelioid lesions. 

Structure. — The sarcoid lesion consists of dense nodular 
accumulations of the epithelioid type of large mononuclear 
cells. Necrosis is absent, reticulum remains relatively intact 
throughout the nodule, and j^ant cells are few. Indusions, 
often of bizarre shape, sometimes are seen in the giant cells. 
Fibrosis develops with aging and healing of the lesions. 

The points differentiating sarcoid from tuberculosis are: 
(1) caseation is absent or slight; (2) giant cells are relatively 
scarce, larger, and contain more nuclei which are evenly dis- 
tributed throughout the cell; (3) a delicate reticulum is de- 
monstrable in the lesion by diver staining, whereas in tu- 
bercles the reticulum is destroyed by caseation; (4) in the 
liver sarcoid lesions tend to be in portal areas, whereas in 
miliary tuberculosis, the midzonal region is usually involved ; 
(5) no evidence of active tubercidosis elsewhere in the body.^ 

Biochemical changes in Boeck’s sarcoid include hyper- 
proteinemia, hyperglobulinemia, elevated serum calcium and 
blood phosphatase.® 

Scleroderma. — Scleroderma may have circiunscribed or 
diffuse thickenings of the skin, often associated with pig- 
mentations and vascular phenomena similar to Raynaud’s 
disease. The pathologic changes are mainly proliferation of 
connective tissue (fibrosis) and changes in small arterioles 
leading to narrowing of their lumens. These changes involve 
viscera, such as heart, lungs, and kidneys, as well as skin. 
Atrophic changes occur in voluntary muscles. 

Dermatomyositis. — ^Dermatomyositis is an inflammatory 
and degenerative condition of skin, subcutaneous tissue, and 
striated muscles. While many features suggest an infective 
origin, no organism has been found and the etiology is im- 
known. Inflammatory changes in small blood vessels of in- 
volved tissues often appear as an important feature. The 
histological changes are not specific for dermatomyositis, but 
are similar to those of scleroderma and other conditions, and 
resemblances to disseminated lupus erythematoses have been 
noted. 

The skin shows atrophy of the epidermis, edema, swelling 
of endothelial lining of small vessels, and perivascular and 
diffuse infiltration of lymphocy^s and plasma cells. Muscle 
fibers show focal lymphocytic infiltration and degenerative 
changes varying from swelling and loss of striations to hy- 
aline or vacuolar changes and necrosis. Sarcolemmal nuclei 
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may be increased, and giant are sometimes present. 
Creatinuria usually occurs. Vital muscles of deglutition 
and respiration may be affected, and promote terminal pneu- 
monia. Heart muscle as well as skeletal muscle may be in- 
volved. 

Disseminated Lupus Erythematosus 

Disseminated lupus erythematosus has been recognized 
to be associated with important systemic and visceral man- 
ifestations involving particularly the heart and kidneys. 
It occurs most commonly in middle age and in women. The 
duration may be a few weeks to several years, but the prog- 
nosis is poor. The etiology is unknown. It is considered 



Fig. 300. — GHtomeroIar lesion of the hidn^ in a case of disseminat- 
ed lupus erT&ematosus. (U. S. Army Medical Museum, courtesy 
Major ajthuT C. Allen.) 

by some to be a chronic infection and formerly was believed 
to be tuberculous. Some evidence suggests that the condition 
may be an allergic reaction of tissues.” There appears to be 
a disturbance of cellular metabolism, and hypei^lobulinemia 
is constantly present. This increase in globulin is chiefly in 
the gamma fraction.” The essence of the condition has been 
stated to be a wid^read and characteristic alteration of 
collagenous tissue, with a special predilection for injury to 
collagen of the heart, glomeruli, blood vessels, skin, spleen, 
and retroperitoneal tissues.*® 

The histologic changes in the skin lesions consist of hyper- 
keratosis and edema of the epidermis, and dilatation of 
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lymphatic and small blood vessels of the corium with peri- 
vascular lymphocytic and polymorphonuclear infiltration.^^ 
Nonbacterial atypical verrucous endocarditis, as described 
by Libman and Sachs, occurs in a considerable proportion 
of cases (see p. 259). Benal changes also are frequent but 
not constant. The kidneys are of normal size or enlarged. 
Glomerular capillaries have a characteristic “wire-loop” ap- 
pearance due to hyaline thickening of the basement mem- 
brane, and capillary thrombi are frequent (Fig. 300). 
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CHAPTER XXIV 

BONES, JOINTS, AND TENDONS 

BONES 

The bones are not inert matter, but active living sub- 
stance influenced by vascular and biochemical factors, endo- 
crine and nutritional changes, infections, and trauma. The 
bone marrow has the important function of blood formation. 

Bone formation occurs by a process of ossification and 
calcification. In long bones there is ossification in cartilage 
(endochondral ossification), i-e., there is first a growth of 
cartilage, which later degenerates, disappears, and is re- 
placed by bone formed by osteoblastic activity. In flat bones 
of the skull, bone is formed in membrane (intramembranous 
ossification) by differentiation of connective tissue cells into 
osteoblasts which progressively lay down bone. A long bone 
increases in length by progressive ossification on the dia- 
physeal side of the growing epiphyseal cartilage. Increase 
in width of a bone occurs by formation of new bone on the 
surface under the periosteum. With increase in width, the 
marrow also increases in size due to resorption of adjacent 
bone by osteoclasts. 

In formation of bone, a proper supply of calcium and phos- 
phorus is essential. For this there must be a sufficiency of 
dietary mineral intake, sufficient vitamin D to promote ab- 
sorption of calcium, and proper function of the parathyroid 
glands. The calcium is laid down in bone in the form of a 
complex calcium phosphate and calcium carbonate com- 
pound, with the assistance of an enzyme, phosphatase, which 
hydrolyzes phosphoric esters to form inorganic phoi^hate. 
Phosphatase is found in high concentration in growing bone. 
Vitamin C also is essential for bone formation. Skeletel 
growth is controlled by the anterior lobe of the hypophysis. 

Once deposited in bone, the calcium is not necessarily 
there permanently but is in a storehouse from which it may 
be quickly and easily withdrawn. Mobilization of calcium 
from the bones is brought about by parathyroid^ hormone. 
Excess of tto hormone will raise the level of calcium in the 
blood at the expense of the bones. The calcium and phos- 
phate concentration of the blood is very stable and delicately 
balanced by storage or removal from bones. Bone absorp- 
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tion is brought about mainly by the action of osteoclasts 
(bone phagocytes). They may be mnltinucleated and are 
similar to foreign body giant cells. 

The normal structure of bone is maintained by the balance 
of osteoblastic and osteoclastic activity. When under patho- 
logic conditions there is excessive osteoblastic activity, osteo- 
sclerosis results. When osteoclastic activity predominates, 
the result is osteoporosis (atrophy) of bone. Atrophy may 
result from senility, pressure, hyperparathyroidism, inflam- 
mation, disuse, and dietary deficiency. In hyperparathy- 
roidism and in old age the atrophy tends to be generalized. 
Local atrophy may be the result of pressure (e.g., by a tumor 
or aneurysm), disuse, or inflammation. 

Disturbances of Circulation 

Like other tissues, bone is dependent on adequate blood 
supply for preservation of its structure and function. Cer- 
tain circulatory malformations, e.g., arteriovenous fistula, 
sometimes affect the circulation of a limb and cause over- 
growth of the bone. Necrosis (infarction) occurs in bone 
when the circulation is seriously reduced. This is commonly 
a result of trauma, and in fracture some necrosis upally oc- 
curs near the ends of the fragments. Fracture or dislocation 
of the hip may interrupt the blood supply through the liga- 
mentum teres, and result in aseptic necrosis of the head of 
the femur.’- Blockage of circulation in bone in adults may 
cause infarction or secondary arthritis deformans.* 

Osteodystrophy 

The osteodystrophies are a group of conditions in which 
there is abnormality of development, form, or structure of 
bone. Some are congenital (a^ondroplasia), others due to 
endocrine disturbances (osteitis fibrosa cystica) or dietary 
deficiency (rickets), and others are of obscure or unknown 
origm. 

Giamtism. — ^The effects of endocrine factors on skeletal 
growth are well illustrated by the occurrence of giantism 
and dwarfism as a result of endocrine disturbance. Over- 
production of the growth hormone of the anterior pituitary 
during the period of growth produces the most extreme cases 
of giantism (see p. 518). Acromegaly is a i^eletal over- 
growth due to hyperpituitarism in adult life (see p. 518). 

Dwarfism. — ^Failure of proper development of the long 
bones during the growth period may be due to hypopituita- 
rism (pituitary dwarf), hypothyroidism (cretin), and 
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chronic renal insufficiency (renal dwarfism). In this latter 
condition hyperplasia of the parathyroids is probably a fac- 
tor (see p. 303). Various other abnormalities of bone de- 
velopment, such as oxycephaly, gargoylism, etc., are more 
obscure in their cause and pathogenesis. 

Achondroplasia (chondrodystrophia fetalis) is one of the 
most frequent forms of dwarfism. Here there is extreme 
shortness of the bones of the extremities, while the bones of 
the trunk and head have developed to normal size. Endo- 
chondral growth and ossification have been deficient, so that 
the bones are short, but disproportionately thick. The con- 
dition is often evident at birth. Intelligence is not affected. 



Fig. 301. — Osteogenesis imperfecta. Very delicate weU-calcified bone 
trabeculae within fibrous tissue. Osteoblasts of irregular shape and 
arrangement. (Courtesy Dr, W. H. Bauer.) 

Osteogenesis Imperfecta. — Osteogenesis imperfecta (fra- 
gilitas ossium) is a hereditary and familial disease, in which 
there is mesenchymal hypoplasia. Blue sclerotics are often 
present, the sclerotics being thinner than normal and defec- 
tive in fibrous tissue so that the underlying pigmented cho- 
roid shines through. The bones have thin cortices, with a 
decrease in the cancellous elements. The trabeculae of the 
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inedulla are delicate and widely separated. The delicate 
bones fracture with extreme ease, and affected infants are 
■often bom ■with multiple fractures. In other eases fractures 
and deformity develop later. Healing occurs with abundant 
callus but poor ossification. There is a characteris'tic dis- 
turbance of dentine, similar to that in the bones. Deafness 
due to otosclerosis develops in many eases.® 

Osteopetrosis. — ^In osteopetrosis (marble bone or Albers- 
Schonberg disease) great increase occurs in the thickness and 
dmsity of the bones and profound anemia (osteosclerotic 
anemia) develops due to encroachment on the hemopoietic 
tissue of the marrow. The ultimate etiology is unknown, but 
there seems to be a familial factor. The vertebrae, pelvic 
bones, base of the skull, proximal ends of the femurs and 
distal ends of the tibiae are most affected. Though of in- 
creased density, the bones are “chalky” and tend to fracture 
more easily than normal.® 

Skeletal Lesions in Nutritional Defideucies. — Skeletal 
lesions form a prominent feature in scurvy due to vitamin C 
deficiency (see p. 194), in rickets due to vitamin D defidency 
(see p. 195), and in osteomalacia. Osteomalacia is the adult 
counterpart of rickets, due to deficient supply of calcium 
and vitamin D. It is rare except in coimtries where under- 
nutrition is marked, occurs almost exclusively in women, and 
is aggravated by the high calcium demand of pregnancy. 
The lumbar vertebrae, pelvis, and long bones of the lower 
limbs are most affected, and marked pelvic deformities may 
interfere with childbirth. The changes are less limited to 
growing ends of bones than in rickets. A large proportion 
of poorly calcified osteoid tissue composes the soft bones, 
so that they are gradually bent and deformed by muscles 
and tendons. The bone marrow is fibrous, gelatinous, and 
sometimes hemorrhagic, and as in rickets, the parathyroids 
are often found to be enlarged. 

Fibrous Dysplasia of Bone. — ^Polyostotic fibrous dysplasia 
of bone (osteitis fibrosa disseminata) appears to be a defect 
of development® involving mainly bone but sometimes extra- 
skeletal tissues as well. Symptoms of pain, disability and 
deformity of a limb usually begin in childhood, and the dis- 
ease runs a slow and protracted course. The skeletal lesions, 
usually multiple, are entirely or predominantly unilateral, 
and most common in the femur and tibia. The lesions are 
roentgenologicaUy similar to those of osteitis fibrosa, but un- 
involved skeletal areas show no decalcification. Serum cal- 
cium is normal or only slightly elevated, calcium balance and 
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serum pliosphoras are normal, and seram phosphatase is in- 
creased.® In some cases there have been pigmented areas of 
the skin and (in females) precocious sexual maturation. 

The lesions show a thinning of the cortex of the bone, and 
a replacement of the spongiosa and marrow by a rubbeiy 
whitish fibrous tissue, which is giitty from the presence of 
spicules of newly-formed bone. Cyst formation is absent 
although there may be small areas of focal cystic degenera- 
tion. Microscopically, fibrous tissue replaces the spongiosa 
and fills the marrow cavity, and is irregularly traversed by 
tiny trabeculae of primitive, poorly-calcified new bone. Small 
islands of hyaline cartilage may be present. 



Tig. 302. — ^Fibrous dysplasia of bone. Newly-formed thin bone 
trabeculae in a loose stroma of immature stellate cells. (From a 
solitary lesion of the femur of a girl 8 years of age, courteqr Dr, 
W, H. Bauer.) 

Generalized Osteitis Fibrosa Cystica. — Osteitis fibrosa 
cystica (von Recklinghausen’s disease) is due to hypersecre- 
tion of parathyroid hormone, usually the result of an ade- 
noma in one gland. It is characterized by distortion of the 
skeleton due to lack of sufficient mineralization and replace- 
ment of the osseous tissues and marrow spaces by fibrous 
tissue. In advanced cases there are giant-cell tumors and 
cysts. Associated with the disease one finds decreased 
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neuromuscTilar sensitivity to galvanic stimulation, hyper- 
calcemia and hypophosphatemia, increased serum phos- 
phatase, and often metastatic calcification in other tissues, 
particularly kidney. 

The change in osteitis fibrosa is essentially an osteoclastic 
resorption of bone and its replacement by connective tissue 
in which there are abortive attempts at new bone formation. 
This may be of any degree. When mild, the gross change in 
the bones is merely a slight porousness, and microscopically, 
mild generalized osteoporosis and marrow fibrosis. With 
progression of the condition there is more and more loss of 
osseous tissue, and it is replaced by connective tissue. Im- 
mature poorly calcified bone develops in the connective tis- 
sue. The newly formed bone soon may again undergo re- 
sorption. Osteoclasts are abundant. Large fibrous scars 
develop in the place of the original spongy bone. Some of 
the lesions are brownish and are often called brown or 
giant-C||Il tumors. The brown tumors are areas of round and 
spindle" cells, fibroblasts, and giant cells. The giant cells 
show phagocytosis of red cells or hemosiderin, which imparts 
the brown color to the lesion.' 

Cysts are not always formed, and the presence of neither 
cysts nor brown tumors is necessary for the diagnosis. The 
cysts may be minute or large, single, multilocTilar, or mul- 
tiple. They result from degeneration or hemorrhage and are 
lined by connective tissue. 

When osteitis fibrosa is marked, the involved bones are 
soft, easily deformed or cut, and the skeletal lesions may be 
varied, with extreme decalcification, deformities, cysts, and 
giant-cell tumors. The long bones and spine are most 
markedly involved, followed % pelvis, skull, and jaw. The 
degree of functional stress and strain apparently is a factor 
in localization. 

Hypertrophic Pulmonary Osteoarthropathy. — ^In hyper- 
trophic pulmonary osteoarthropathy there is symmetrical 
enlargement (“clubbing”) of the distal phalanges of the 
fingers and toes, with swelling of the joints. Subperiosteal 
deposition of bone is increased, with thickening of connec- 
tive tissue around the bone and joint. These changes are 
uimally associated with conditions of chronic anoxemia, or 
with some toxemia. Chronic lung abscess, bronchiectasis, 
empyema, pulmonary tumors, and congenital cardiac defects 
are conditions with which this phalangeal lesion is often as- 
sociated. 
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iTiflammatory Lesions of Bone 

The skeletal tissues, like the soft tissues of the body, re- 
spond to injuries by a process of lamination. In many 
cases the injurious agent is of bacterial nature, as in osteo- 
myelitis caused by staphylococci, but other inflammatory proc- 
esses are of more obscure etiology. In the acute inflammations 
it is the periosteum, the contents of the Haversian canals, and 
the bone marrow that are m ainl y iavolved. In the more 
chronic processes changes in the osseous portions are also 
prominent, as in this case there is time for changes to occur 
in the hard tissues. 

Osteomyelitis. — ^Bacteria may reach bone directly through 
a wound, e.g., a compound fracture; may i^read to bone 
from an adjacent tissue, e.g., from a suppurative infection of 
a tooth or of the middle ear ; or may be brought to bone by 
the blood stream from a distant focus of mflammation, e.g., 
tonsillitis. When the inflammation is restricted to perios- 
teum, it is properly called a periostitis; when involving 
bone substance, an osteitis. In most cases bone and marrow 
tissue are involved as well as periosteum, and the term 
osteomyelitis is commonly used. 

Acute hematogenous osteomyelitis is mainly a disease df 
childhood and is rare after the age of 30 years. It is due 
usually to the Staphylococcus aureus, but in rare cases to 
streptococci or typhoid bacillL The original focus of the or- 
ganisms is often not discoverable, though sometimes it is an 
obvious furuncle or carbuncle. At the onset fever, local pain, 
and leucoeytosis occur. Badiologic changes in the involved 
bone are pot discernible in the early acute stage. 

The affected foeps is usually in a long bone of an extrem- 
ity, and rituated close to the end of the diaphy^ near the 
epiphyseal cartilage, or more superficial and lying just be- 
neath periosteum. These are atuations in a growing bone 
which have relatively high vascularity and are subject to 
trauma. Spread of the infection may be outward, to form a 
subperiosteal abscess, and inward to reach the central canal 
and thence ^read widely in the bone. In most cases the 
epiphyseal cartflage opposes ^read to the epiphysis. Pi^- 
lent exudate forms, which may be seen in the Haversian 
canals, marrow spaces, and beneath the periosteum. Ikag- 
ments of bone become necrotic, influenced by thrombosis of 
Haversian vessels. This dead bone (sequestrum) under- 
goes digestion and removal only very slowly and with great 
difficulty. Its continued presence prolongs the inflammation 
and prevents healing. An irregular casing of new bone 
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Pig, 305. — Osteomyelitis and tuberculosis of bone. Upper: Osteo- 
myelitis of the tibia. The edematous bone marrow is iimtrated with 
leucocytes. Sequestrum is evident just above the center. The trabeculae 
of new bone are irregularly calciiled. Lower: Tuberculosis of bone. 
Note the areas of caseation, giant cdls, and lymphocytes surrounding 
the bone trabeculae. (Courtesy Dr. W. H. Bauer.) 
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(involucrum) may form aroimd the sequestrum. Occasional 
complications of acute osteomyelitis include extension into a 
joint, formation of fistulous tracts, and pyemia. Some cases 
become chronic and persist for years with draining fistulous 
tracts. Amyloidosis -may occur in such cases. 

Broke’s abscess is a circumscribed focal chronic osteo- 
myelitis. In most cases the chronic abscess is found in the 
upper end of the tibia. It may be the sequel of an acute 
osteomyelitis with organisms of low virulence. 

Nc^uppurative Inflammations. — ^There are a number of 
localized conditions, apparently of inflammatory nature, but 
in which specific etiology is not known. Sclerosin|^ osteitis 
(GarrS’s disease) is characterized by intense pain in a local 
area of dense cortical bone. Osteochondritis deformans 
(Legg-Perthes’ disease, coxa plana) is a caries and rare- 
faction of the head of the femur in children 5 to 10 years 
of age. A similar rarefaction of bone affects the tibial 
tubercle in Osgood-Schlatter’s disease, the tarsal scaphoid 
in Kohler’s disease, and the semilunar bone of the wrist in 
Eienbock’s disease. 

Osteitis Deformans (Paget’s Disease of Bone). — ^Paget’s 
disease of bone is a curious condition wMch usually occurs 
after the age of 50 years. It is characterized by osteoclastic 
resorption of bone and simultaneous overgrowth of new, 
poorly calcified, irregular bony spicules. There is also ex- 
cessive periosteal growth of bone with deficient calcification. 
The result is increase in thickness of bones with simultane- 
ous marked softening, so that severe bowing or other de- 
formities occur. The spine, sacrum, femur, cranium, sternum, 
pelvis, tibia, and jaws are most commonly involved. The blood 
phosphatase is high, but blood calcium and phosphorus con- 
centrations are not changed. The calcium balance is positive, 
and the parathyroid glands are apparently uninvolved. Osteo- 
genic sarcoma may be a terminal feature of some cases. 

Grossly, the thickened bones are often extremdy soft, light, 
and porous, though in late stages a more hardened state may 
develop. Microscopically there is evidence of osteoclastic 
resorption and formation of new bony trabeculae. Between 
the ne^ trabeculae there is an excessive amount of loose con- 
nective tissue. Irregularly shaped plates of new and old bone 
stain vnth varying degrees of density and are separated by 
irregular lines of ground substance, a feature which imparte 
a mosaic appearance to the bony tissue. This mosaic arrange- 
ment is the diagnostic characteristic of the mic:^copie ap- 
pearance of the bone in fuUy developed Paget’s disease. 
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Fig. 306. — ^Paget's disease of bone. Upper: Note the mosaic stnic- 
tura Lower: ITbrosis of the fatty marrow is proceeding from the 
periphery of the marrow space. (Courtesy Dr. W. H.Bauer.) 
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Syphilis of Bone. — Syphilis, either congenital or acquired, 
may produce a chronic granulomatous osteitis or periostitis- 
In congenital syphilis, epiphysitis affecting long bones is par- 
ticularly characteristic. The epiphyseal line is irregularly 
widened, opaque, and a yellowish-gray color. Microscopi- 
cally, there is marked irregularity of bone formation in this 
area, with a chronic inflammatory reaction and marked en- 
darteritis and periarteritis. In acquired S3^hilis there may 
develop an actual gumma, or a chronic granulomatous peri- 
osteal infection of bones with spread into the subjacent bony 
tissue. Periarteritis and endarteritis are also prominent in 
the skeletal lesions. 

Tuberculosis of Bone. — A chronic granulomatous form of 
osteomyelitis is caused by the tubercle bacillus. Children 
are the victims more frequently than adults. The bovine 
form of the organism accounts for a small proportion of 
cases. The infection is brought to bone by the blood stream 
in most cases, although the primary focus is often insignifi- 
cant and may be difficult to find. The vertebrae, ends of the 
long bones of the legs, and bones of the hands and feet are 
the most frequent sites. Bony trabeculae are ^adually de- 
stroyed and replaced by tuberculous granulation tissue or 
by caseous and creamy material. In long bones either 
epiphysis or diaphysis is involved, and spread often occurs 
to the adjacent joint. 

Tuberculosis of the vertebrae (Pott’s disease of the spine) 
usually occurs during childhood- Several vertebrae may be 
involved. The lesions start in the bodies, produce bony de- 
struction, and spread similarly to destroy adjacent interver- 
tebral discs. Thus weakened, the affected vertebrae tend to 
collapse, producing an acute anteflexion or an^ar kyphosis. 
Complications include compression of the spinal cord, and 
extension of the tuberculous pus to produce a ^'cold ab- 
scess,” which may burrow beneath the psoas muscle and 
appear as a.swelling in the inguinal region. 

Eosinophilic Granuloma of Bone. — ^Eosinophilic or solitary 
granuloma of bone occurs mainly in children and adolescents. 
Although several bones may be affected, more commonly only 
one is involved. The lesion may be seen in almost any bone 
and gives rise to local pain and tenderness. Systemic man- 
ifestations are usually alwsent. The blood may show a leucocy- 
tosis or eosinophilia in some cases. 

The involved area of bone shows a soft brownish granula- 
tion tissue, which may have yellowish streak or regions of 
hemorrhage and cyst formation. Microscopically, there are 
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collections of phagocytic large mononuclear cells, among 
which are eosinophilic leucocytes and lesser numbers of 
multinucleated giant cells, lymphocytes and plasma cells. In 
late stages, the eosinophiles may be scarce, the large mononu- 
clear cells have abundant foamy cytoplaim, and fibrosis de- 
velops. The prognosis is good, as the lesions heal following 
radiation or curettement, or even spontaneously.^® It has 
been suggested that eosinopMlic granuloma is a variant of a 
basic process of inflammatory histiocytosis, other examples 
of which are Hand-Schuller-Christian disease and Letterer- 
Siwe disease.^^ 

Traumatic Injuries of Bone. — Minor injuries may cause a 
localized periostitis. In some cases this is accompanied by 
overgrowth of osteoid tissue (callus) in the injured area. 
More severe injuries may cause fracture. In children, rela- 
tive elasticity of the bone may allow bending without a com- 
plete break (greenstick fracture). In elderly individuals 
bones are relatively brittle and fra,cture with slight trauma. 
In other cases very minor trauma' may cause a “spontane- 
ous” fracture when the bone is weakened by tumor growth 
or systemic disease. Compound fractures, in which there is 
communication with the exterior, are often complicated by 
infection. In comminuted fractures the bone is broken into 
more than two fragments. 

Healing of a fracture occurs readily if the broken ends are 
in apposition and movement is limited. Muscle or other 
structures between the broken ends may prevent healing, 
infection retards repair, and excessive movement tends to pro- 
mote fibrous and cartilagenous rather than bony union. "When 
a bone is fractured, hemorrhage and exudation occur between 
and around the broken ends. This material becomes organ- 
ized by granulation tissue growth. Osteoblastic activity in 
the periosteum and endosteum produces an overgrowth of 
osteoid tissue (callus) in the area. This becomes calcified and 
converted into bone. The excess callus in the medullary and 
external parts is gradually removed, and the new bone hnit 
and shaped by osteoclasts until healing is complete.^* 

Tumors of Bone 

Tumors arising in the skeletal tissues are of mesenchymal 
origin, and hence their malignant representatives are sarco- 
mas. Most bone tumors tend to arise at the en^ of bones 
near epiphyseal lines, in areas where there are complexities 
of ^owth and function. Tumors of bone are not common. 
Malignancies of bone probably represent about 1 per cent of 
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all malignant tumors.^® The tumors may arise (Ij from ex- 
ternal parts of periosteal tissues (periosteal fibrosarcoma), 
(2) from the body of the bone (osteogenic tumors), or (3) 
from the medulla (myeloma, Ewing's tumor). From the 
standpoint of malignancy and prognosis there are likewise 
three classes: (1) benign curable tumors, which includes 
exostoses, osteoma, chondroma of the phalanges, fibroma, 
bone cyst, and most giant-cell tumors ; (2) tumors of border- 
line malignancy and hopeful prognosis, including central 
chondromas; and (3) malignant tumors, many of which are 
incurable, including myeloma, Ewing's tumor, etc. A modi- 
fication of a commonly used classification advocated by the 
American College of Surgeons will be used here, and it is as 
follows : 


1. Periosteal fibrosarcoma 

2. Osteogenic tumors 

A. Benign 

a. exostosis 

b. osteoma 

c. chondroma 

d. fibroma 

B. Malignant (osteogenic sarcoma) 

3. Giant-cell tumor 

4. Angioma 

A. Benign 

B. Malignant 

5. Ewing's tumor 

6. Myeloma 

7. Metastatic tumors 

8. Inflammatory conditions simulating bone tumors 

a. myositis ossificans 

b. osteoperiostitis 

c. osteitis fibrosa and bone cysts 

Periosteal Fibrosarcoma. — Periosteal fibrosarcoma is a very 
rare tumor, most frequent in males in early adult life. It 
arises from the fibrous layer of the periosteum and resembles 
sarcoma arising from other connective tissue structures. The 
tumor is single, and most frequent in long bones such as the 
femur and iSna. It forms a fairly large, firm, whitish, cir- 
cumscribed tumor, the underlying bone usually showing de- 
structive and sometimes reactive changes. IMQcroseopically 
it is similar to fibrosarcomas arising elsewhere.^* 

Osteogenic Tumors. — Osteogenic tumors are those^ which 
arise from mesenchymal cells having the power to differen- 
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tiate into and form cartilage and bone. The dift'erentiation 
may be of varying degrees of completeness. In the benign 
forms the differentiation is advanced, so that on a histologic 
basis such tumors may be termed osteomajs, chondromas, 
fibromas, osteochondromas, osteoehondrofibromas, etc. In the 
malignant forms (osteogenic sarcoma), the formation of 
bone and cartilage may be very irregular or scanty. 

Exostoses (osteochondromas) are benign bony or cartilagi- 
nous and bony outgrowths from the surface near the end of 
a long bone. They occur usually between the ages of 10 and 
25 years. Microscopically, they show normal laminae of 
bone beneath a zone of ealekymg cartilage, which in turn 
is thinly overlaid by fibrous tissue. Hereditary multiple 
exostosis is a developmental disturbance in which bilateral 
and symmetric lesions appear in juxtaepiphyseal areas. 
Chondrosarcomatous change sometimes occurs in one of the 
exostoses.^® 

Osteomas are rare benign tumors composed of compact 
bone. The term cancellous osteoma is sometimes used to 
refer to the exostosis or osteochondroma. 

Chondroma (ehondromyxoma) is a benign cartilaginous 
tumor occurring in the small bones of the hands and feet, 
ribs, sternum and spine, usually between the ages of 20 and 
30. Most frequent in the phalanges of the hand, it produces 
a central area of rarefaction. Those arising in or about the 
sternum are larger tumors. Grossly, they are lobulated or 
trabeculated, pearly gray, and may be gelatinous or cystic. 
Microscopic^y, they are composed of fairly normal carti- 
lage, the cartilage cells lying in pairs or tetrads in small 
lacunae. Certain of the cartSaginous tumors which appear 
to have a benign histologic structure exhibit erratic or malig- 
nant behavior and should be considered as chondrosarcomas. 

Fibroma is a rare tumor of bone, usually arising from 
pesiosteiun in the nasopharyngeal (see p. 459) or maxillary 
regions. 

Osteogenic Sarcoma. — Osteogenic sarcoma is composed of 
osteoblastic (bone forming) ceUs which may be derived from 
the inner layer of periosteum or from the endostium. It is 
the most frequent malignant tumor of bone. The greatest 
incidence is in young people, between 10 and 30 years of age. 
The prognosis is better in the older patients. The common 
site is in the shaft of a long bone, but near the epiphysis. 
About 50 per cent occur around the knee. There is often a 
history of trauma to the area. Local pain at the site is 
followed by swelling. Osteogenic sarcoma is radioresistant. 
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Fig. 307. — Osteogenic sarcoma of huniei-us. (Couitesy Dr. H. C. 

Sclimeisser.) 
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The tumor begins quite superficially, but extends both out- 
ward and inward, so that subperiosteal and endosteal growth 
occurs. In late stages the tumor produces a massive bulbous 
enlargement of the end of the bone. There may be a bone- 
destructive (osteolytic) action, or a bone-forming (sclerosing 
or osteoplastic) reaction induced by the tumor. In an x-ray 
plate of the tumor radiating spicules of newly formed bone 
may result in a characteristic "sun-ray” appearance. His- 
tologically, the picture is extremely variable and complex, 
and skeletal tissue in all stages of differentiation and devel- 
opment may be found. On a histologic basis osteogenic 
sarcomas may be called osteosarcomas, chondrosarcomas, 
osteochondrosarcomas, chondrofibromjxomas, etc., depend- 
ing upon the predominant types of tissue. In some eases 
marked vascularity, hemorrhage, and necrosis are prominent 
features (telangiectatic t3T)e). 

Giant-Cell Tumor of Bone. — Giant-cell tumor usually in- 
volves the epiphyseal region of a long bone. It occurs in 
early adult life, but according to Jaffe is rare before the age 
of 20. Pathologic fracture may occur. Grossly, the affected 
skeletal area is expanded and outlined by a thin shell of 
bone. The tumor tissue is dark red or reddish brown in 
color, and of fleshy or friable consistency. Dark red areas 
of hemorrhage or yellowish areas of necrosis may be present. 
•Hemorrhage and necrosis sometimes lead to a cystic change. 
The x-ray picture is characteristic, the tumor producing a 
rarified, multilocular cystic or bubble-like appearance. Mi- 
croscopically, the tumor consists of spindle-shaped or ovoid 
cells, highly vascularized, and resembling young connective 
tissue. Varying numberajjif multinucleated giant cells are 
interspersed. The many'&iclei of the giant cells tend to 
accmnulate in the center b£ the ceU. 

There are varying theories of origin of these tumors.“‘“ 
It is believed by some that the giant cells represent osteo- 
clasts, and hence the tumor has been called an "osteo- 
clastoma. ’ ’ Others have suggested that it is a tissue reaction 
to trauma and hemorrhage that may later acquire neoplastic 
character. Jaffe^* considers it to be a neoplasm arising from 
undifferentiated supporting connective tissue of the marrow. 
Histologically similar tumors are the giant-cell epulis (see 
p. 455), the giant-ceU tumor of tendon sheaths (see p. 673), 
and giant-cell tumors that occur in osteitis fibrosa cystica 
(hyperparathyroidism) . 

Most of the giant-cell tumors of bone are perfectly benign. 
The rare malignant examples are characterized by abundant 
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compact stromal cells with marked anaplasia, pleomorphism, 
and a tendency to a whorled arrangement.^® 

Angioma. — ^Angioma is an extremely rare type of tumor 
of bone which may be benign or malignant (angiosarcoma). 
It is similar to angiomatous tumors elsewhere. 

Ewing’s Tumor (Endothelial Myeloma).— Ewing’s tumor 
occurs in childhood or adolescence, and involves the shaft of 
a long bone. It is accompanied by severe pain, fever, and 
leucocj^osis, and hence is easily mistaken for acute osteo- 
myelitis. Its growth in the shaft stimulates reactive forma- 
tion of multiple new laminae of bone, presenting a layered 
onion-like appearance in an x-ray picture. The tumor is 
markedly radiosensitive, a characteristic often of diagnostic 
help, but cure by radiation therapy alone is rare. 



Fig. 308. — Giant-cell tumor. Note the connective tissue, numerous giant 
cells, and newly deposited bone. (Courtesy Dr. W. H. Bauer.) 


The soft grayish tumor starts in the medulla but rapidly 
invades and expands the bone. The tibia, femur, humerus, 
fibula, and clavicle are the most frequent sites. Often more 
than one bone is involved. Microscopically, it is composed 
of small, round uniform cells, of lymphoblastic appearance, 
arranged in solid sheets and columns, or around blood ves- 
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sels. The lack of stroma is conspicuous. By silver stains, 
reticulin can be demonstrated surrounding groups of cells. 

The origin of this tumor was originally believed to be from 
vascular endothelium (i.e., an endothelial myeloma), and 
for this there has been supporting evidence.*" It also has 



Kg. 309. — ^Bwing’s tumor of bone. 

been considered to be derived from young reticular cells, al- 
thoi^h primary reticulum-ceU sarcoma of bone is said to be 
distinguishable by reticulin running between individual 
cells.®* 

Multiple Myeloma. — ^Myeloma is a rare, highly malignant 
tumor of bone marrow which either arises simultaneously 
in multiple sites or spreads rapidly to involve more than one 
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bone. Unlike Ewing’s tumor and even osteogenic sarcoma, 
myeloma occurs in later life, at an average age of more than 
50 years. The skull, spine, ribs, pelvis, femur and humerus 
are most frequently involved. About one-half the cases show 



Fig. 310. — ^Myositis ossificsuis. 


Bence-Jones protein in the urine. Anemia is usually present. 
Pain and pathologic fractures are common. 

Myelomas are grayish red, soft tumors, surrounded by a 
thin shell of softeried bone. Microscopically, they are com- 
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posed of densely packed sheets and masses of small round 
cells having the characteristic appearance of plasma cells 
(plasmacytoma). In rare cases the myeloma is composed of 
myeloblastic cells. There is little or no mtercellular sub- 
stance. In some cases the myelomatous tissue invades the 
liver, spleen, and kidneys. Multiple myeloma is invariably 
fatal.®®' 

Metastatic Tumors of Bone. — Certain tumors metastasize 
to skeletal tissues with particular frequency. These include 
hypernephroma of the kidney, and carcinomas of the pros- 
tate, lung, ovary, breast, testis, and thyroid. Spread is by 
the blood stream, and the spine, pelvis, femur, skull, ribs, 
and humerus are the most frequent sites. The secondary 
tumors are often multiple, and pathologic fractures are not 
uncommon. The metastases are osteolytic or bone-destroying, 
except in the case of carcinoma of the prostate, which stimu- 
lates an osteoplastic or bone-forming reaction.®®’ 



Fig. 311. — Plasma-cell myeloma of hone. (From Berman, J. K.: 

Synopsis of the Principles of Surgery, The 0. V. Mosby Co.) 

Inflammatory Conditions Simulatii^ Tumor. — Some of the 
difficulties in differentiation of Ewing’s tumor and osteo- 
myelitis have been pointed out. Myositis ossificans is a con- 
dition in which bone develops in muscle tissue. It usually 
follows trauma and hemorrhage and occurs most frequently 
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in the quadriceps or in muscle about the elbow. The ossifi- 
cation may be extensive and simulate osteogenic sarcoma, 
and in rtire cases there is actual development of malignancy. 
Osteoperiostitis is a benign condition in which areas of ossi- 
fication develop in granulation tissue or hemorrhage beneath 
a raised periosteum. It is usually of traumatic or syphilitic 
origin. Osteitis fibrosa, in which a form of giant-cell tumor 
is common, is considered on p. 649. 

Phosphatase 

Phosphatase is an enzyme capable of hydrolyzing mono- 
phosphoric esters. It is present in highest concentration in 
renal tissue (see Fig. Ill, p. 279), intestinal mucosa, and 
growing bone. In the latter site it is mportant in the proc- 
ess of ossification. Phosphatases which exhibit maximum 
activity in alkaline and in acid media exist and, respectively, 
are called alkalme and acid phosphatase. Serum acid phos- 
phatase often is increased in patients with carcinoma of 
the prostate. The level of alkaline phosphatase in the 
serum is fairly constant for age periods. It is increased 

Table XVIII 


Calcium, Phosphorus, and Phosphatase op the Blood in Skeletal 

Diseases 


DISEASE 

CALCIUM 

PHOS- 

PHORUS 

PHOSPHATASE 

Osteitis deformans (Pa^t^s 
disease) 

normal 

normal 

very high 

Osteitis fibrosa CTstica 
(hyperparathyroidism) 

high 

low 

high 

Pickets 

low 

variable 

high 

Osteoma 

normal 

normal 

normal 

Chondroma 

normal 

normal 

normal 

Chondrosarcoma 

normal 

normal 

normal 

Osteolytic osteogenic sarco- 
ma 

high 

normal 

normal or slight in- 
crease 

Osteoplastic osteogenic sar- 
coma 


normal 

Increased 

Ewing’s tumor 

normal 

normal 

normal 

Myeloma 

normal or 
high 

normal or 
high 

normal 

Metastatic tumors of bone 
(except prostatic) 



normal or slight in- 
crease 

Metastatic carcinoma of 
prostate in bone 

normal 

normal 

high (both acid and 
alkaline phospha- 
tase) 
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in skeletal diseases associated with, marked osteoblastic ac- 
tivity, and in certain other conditions (e.g., jaun^ce). Nor- 
mal values of serum phosphatase are 1.5 to 5 units (Bodan- 
sky) for adults and 5 to 13 units (Bodansky) in growing 
children.®^"*® Table Xnil indicates the changes in serum 
alkaline phosphatase in various skeletal lesions. 

JOINTS 

Movable joints have a capsule around cartilage-covered 
ends of bones and are lined by a synovial membrane which 
encloses a cavity containing a small amount of lubricating 
fluid. The joint is formed of connective tissue derivatives. 
It functions as an organ of support and passive motion and 
is affected by mechanical, circulatory, neurologic, and in- 
infLammatory changes.®* Diseases of joints will be considered 
according to the classification adopted by the American 
Rheumatism Association in 1941: (1) specific infectious 

arthritis; (2) arthritis of rheumatic fever; (3) rheumatoid 
arthritis (including Still’s disease and Marie-Strumpell spon- 
dylitis) ; (4) osteoarthritis; (5) arthritis of traumatic origin; 
(6) arthritis of gout; (7) tumors of joints; (8) miscellaneous 
forms, e.g., arthritis associated with other diseases. 

The numerically most important diseases of joints are 
rheumatoid arthritis and osteoarthritis. Being of very com- 
mon occurrence, they accoTmt for a tremendous total of pain, 
crippling, and Usability. Rheumatoid arthritis is essentially 
an inflammation of synovial membrane, probably of infec- 
tious origin. Osteoarthritis is a degenerative change affect- 
ing primarily articular cartilage with secondary hypertrophic 
changes in the underlying bone. It is often a senescent 
change, and possibly related to wear and tear and to changes 
in vascular supply. 

Specific Infectious Arthritis 

Infection of a joint by known organisms is usually the 
result of hematogenous spread in pyemia or septicemia. Less 
commonly the bacteria may reach the joint from an adja- 
cent infection of bone, such as osteomyelitis or tuberculosis 
of bone. Also there may be introduction from without by 
penetrating wounds. The common pyogenic organisms whi<A 
thus infect joints are the staphylococcus, streptococcus, pneu- 
mococcus, and gonococcus. Metastatic infection of joints 
may occur in puerperal sepsis, bacterial endocarditis, men- 
ingitis, otitis media, pneumonia, and typhoid fever. 
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The joint becomes swollen and acutely inflamed. Fluid 
accumulates in the joint cavity, at first serous but later 
purulent. The synovial membrane is greatly congested, 
swollen, and infiltrated with inflammatory cells. There may 
be considerable destruction of tissue, so that in healing there 
is formation of fibrous adhesions (fibrous ankylosis). In 
some eases this may be transformed into bone and a dis- 
abling bone ankylosis result. 

Gonorrheal arthritis is a complication which usually de- 
velops fairly early in an acute gonorrheal infection. Several 
joints may be affected, but major involvement is usually in 
one only. 

Tuberculous arthritis is commonly an extension from a 
tuberculous involvement of bone. It occurs mainly in chil- 
dren and most frequently affects the hip. The synovial 
membrane is greatly thickened by tuberculous granulation 
tissue. The infl.ammation may spread to erode the articular 
surface. Separation of flakes of cartilage or synovial fringes 
with adherent fibrin may form small, rounded, firm, loose 
bodies in the joint (melon seed bodies). Arrest may occur 
at any stage, or there may be rupture and sinus formation, 
or an end result of fibrous or bony ankylosis. 

Arthritis of Rheumatic Fever 

Acute nonsuppurative arthritis is often a prominent fea- 
ture of rheumatic fever, particularly in the acute cases aris- 
ing in adolescence or early adult life. Several joints tend 
to be affected in succession. Acute tenderness and swelling 
occur, with an excess of turbid fluid in the cavity. The 
inflammation is predominantly in the synovial membrane, 
but nodules may develop in subsynovial and periarticular 
tissues. The histologic character of these is similar to the 
Aschoff bodies of the myocardium or rheumatic nodules 
elsewhere. The inflammation usually subsides completely 
and without residual disability. 

Rheumatoid Arthritis 

Rheumatoid arthritis is also referred to as atrophic, pro- 
liferative, or chronic nonspecific infectious arthritis. It is 
a very common, chronic and disabling disease, which has its 
greatest incidence among women of the reproductive age. 
Although of unknown etiology, evidence suggests that it is 
a chronic infection, probably of streptococcal origin. It 
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usually starts gradually, but it may begin acutely and 
is often accompanied by general symptoms, fever, leuco- 
cytosis, anemia, etc. The small joints of the hands and feet 
are most frequently involved, and larger joints later. The 
affected joints show a spindle-shaped swelling, are very pain- 
ful, and progress to deformity and limitation of movement. 
Subcutaneous nodules are present in some cases and show a 
histologic picture somewhat similar to that of rheumatic 
fever nodules. 



312. — Osteoarthritis. Polished exostosis extending through cue 
artiemar cartilage as a result of vascularization of the cartilage from 
the subchondral bone marrow. (Courtesy Dr. W. H. Bauer.) 


The first and essential change is in the synovial membrane, 
which is thickened by a granulation tissue pannus and in- 
filtrated by many leucocytes, lymphocytes, and plasma cells. 
The thickened synovial membrane may develop numerous 
villous processes, in which there may be necrosis, hemor- 
rhage, or fibrosis. Adjacent surfaces form adhesions, so that 
fibrous ankylosis tends to occur and later may become bony. 
The joint cartilage is attacked, with extension of granula- 
tion tissue from the synovial membrane. Inflammatory 
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edema and cellular injSltration are also found in periarticu- 
lar tissues. An increased effusion of cloudy and highly 
cellular fluid is often present in the joint cavity.®^ 

Still’s disease is an acute form affecting children. It is 
accompanied by fever, leucocytosis, enlargement of spleen 
and lymph nodes. Pelty’s syndrome is a somewhat similar 
condition in adults, in which chronic arthritis is associated 
with leucopenia and enlargement of lymph nodes and spleen. 
In Marie-Strumpell spondylitis the arthritic changes mainly 
involve the spine, affecting particularly the intervertebral 
and costovertebral ligaments. Stiffness and ankylosis of the 
spine result from ossification of the ligaments and fusion of 
adjacent vertebrae. Marked kyphosis may be present. Most 
cases occur in males. 


Osteoarthritis 

Osteoarthritis (degenerative, h^ertrophic, or senile ar- 
thritis) is essentially a degenerative condition of joint car- 
tilage with reactive and h 3 rpertrophic changes in underlying 
bone, rather than a primary inflammation. ALffecting the 
sexes equally, it is a disease of later life, being common 
after the age of 40. Large joints, including the hip, tend 
to be affected, and there is little local inflammation or pain. 
While there may be considerable deformity and limitation 
of movement, complete crippling of a joint is unusual. 
Trauma and changes due to excessive fmction are most 
prominent in the causation of osteoarthritis, as has been 
discussed by Bauer.®® Other types of injury to the joint, 
inflammations, synovitis, and endocrine disturbances, also 
may be etiologic factors. 

Changes begin in the articular cartilage. The cartilage 
cells degenerate, and the normally smooth surface becomes 
ridged, frayed, and fibrillated. The elasticity of the car- 
tilage and its cushioning function become reduced. The 
subchondral bone is thus exposed to excessive functional 
stresses and its marrow reacts to this chronic irritation by 
proliferative changes. Osteoclasts resorb the subchondral 
bone trabeculae and blood vessels penetrate into the car- 
tUage. The vascularization of the cartilage is followed by 
ossification, the bone so formed becoming highly polished 
(eburnated). Exostoses formed in tins fashion at &e mar- 
gins of the joint and periosteal bone formation produce the 
characteristic bony ‘‘lipping” at the edges of the joint. 
This process occurs prominently in the fingers, forming pain- 
less Heberden’s nodes. Osteoarthritic changes in the spinal 
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column (spondylitis deformans) may produce kyphosis, ex- 
treme rigidity of the back ('^pokerback”), and pain due 
to pressure of osteophjrtic growths on nerve roots. While 
bony ankylosis may occur in this type of spondylitis, ankylosis 
is an uncommon result of osteoarthritis elsewhere. 

Traumatic Injury of Joints 

Trauma to a joint may be followed by effusion of fluid 
into the joint cavity, and acute inflammation of surrounding 
soft tissues. 

Charcot joint is a condition which oc3urs in certain cases 
of tabes and syringomyelia. Destruction of nerve fibers re- 
sults in loss of sensation in the joint, which is then subjected 
to unusual trauma. The painless joint is excessively mobile, 
and destructive changes occur in the joint cartilage and 
adjacent bone. 

Arthritis of Gout 

Gout is a disease of unknown etiology, but connected in 
some fashion with a disturbance of purine (protein) metab- 
olism. The uric acid content of the blood is increased, but 
this alone does not precipitate an acute attack. It occurs 
chiefly in middle-aged men and appears to be influenced by 
excessive indulgence in meat and alcohol. 

Acute attacks commence suddenly with pain, swelling, 
and tenderness in a joint (toes, fingers, or knee). There is 
an effusion into the joint cavity of fluid containing crystals 
of sodium biurate. These crystals also become deposited in 
surrounding soft tissues where they elicit some foreign body 
reaction and chronic inflammation. A ‘‘tophus’’ is a chalky 
deposit of the crystals in the subcutaneous tissue, or in car- 
tilages of the eyelid or ear. 

Tumors of Joints 

Only rarely do tumors arise from joint structures, but 
chondromas, lipomas, synoviomas, spindle-cell sarcomas, and 
chondrosarcomas have been described. 

Synovioma. — Synovioma (synovial sarcoma) is a malig- 
nant tumor arising from the lining cells of the synovial 
membrane of a joint or bursa. Histologically, it shows a 
distorted picture suggestive of synovia, but the appearance 
in various examples is far from uniform. There is a ground- 
work of rounded or spindle cells, with epithelioid gland-like 
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spaces or pavement-like areas of tissue suggesting low epi- 
thelium. Mucus may be present in the gland-like spaces. 
Papillary villus-like structures are sometimes formed. Be- 
currence often follows local removal of the tumor, and pul- 
monary metastasis may occur. Amputation is usually neces- 
sary for cure.“’ 



Fig. 313. — Synovioma. Note the gland-like and channel-like spaces. 


TENDONS 

Inflammation. — Tenosynoyitis is an inflammation of ten- 
don sheaths at the wrist or ankle. It may be traumatic, 
suppurative, or tuberculous. In the latter, with fibrin in 
the exudate, there may be formed ovoid “melon seed bodies/' 

Ganglion. — Ganglion is a cyst-like swelling arising from 
a tendon sheath or joint capsule. It is most common on the 
back of the hand or wrist. There is proliferation of fibrous 
tissue of the sheath, with mucoid degeneration, producing 
the cyst-like swelling. There is no true lining, and the 
ganglion does not communicate with the cavity of the ten- 
don sheath. 

Tendon Sheath Tumors. — Giant-cell tumor (xanthoma) of 
a tendon sheath is a yellow or yellowish-hrown tumor which 
arises near a tendinous insertion, most often in the hand. It 
has a groundwork of fibrous tissue in which there are scat- 
tered giant cells and aggregates of large, lipoid-containing 
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Fig. 314.— Xanthomatous giant-cell tumor of tendon sheath. Note the 
xanthoma cells, with distended foamy cytoplasm. 
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foam cells (xanthoma cells). The xanthoma cells are found 
when there are deposits of iron and cholesterol.®* Except for 
this xanthomatous tendency, the tumor is similar to the 
giant-ceU epulis and the benign giant-eeU tumor of bone. 
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CHAPTER XXA- 

THE NERVOUS SYSTEM 


Structure and Reaction to Injury 

The nervous system and its supporting structures include 
ten fundamental tissues, each of which ^hibits several com- 
mon types of response to injury. Some of these reactive 
changes appear to be specific, e.g., the rounding up of microg- 
lia to produce fat-granule cells when myelin is destroyed. 
Many, however, are nonspecific, and the microscopic changes 
are interpreted with greater difficulty. 

1. Notochordal Tissue. — ^Remnants of this tissue are most 
common in the following locations: (a) along the clivus;, 
(b) in the hypophyseal fossa, (e) deep to the posterior wall 
of the pharynx, (d) in the dens, (e) in the nuclei pulposi of 
the intervertebral discs, and (f) in the sacrum. Patholog- 
ically, notochordal tissue is encountered as a tumor (see page 
688) and in herniation or displacement of intervertebral 
discs. Posterior protrusion of an intervertebral disc may 
compress the spinal cord or nerve roots, causing symptoms of 
root pain. The nucleus pulposus may herniate following 
trauma or degeneration of disc tissue. It usually occurs in 
later life and most commonly involves the lumbar re^on. 
Notochordal tissue (nucleus pulposus) is identifiable micro- 
scopically by its larger vacuolated mucus-containing cells set 
in a thin fibrillar stroma of elastic and collagenous tissue. 

2. Ependyma. — ^The ependymal lining cells of the ventricu- 
lar system of the brain and the central canal of the spinal 
cord retain an epithelial character. Ve:^ often they are flat- 
tened and in some regions may appear in folds or tufts, par- 
ticularly in the third ventricle. During the developmental' 
period, the ependymal cells are ciliated. Processes extend in- 
tramedullarly from the lining layer to form a thin fibrillar 
network immediately beneath the ependyma. The more com- - 
mon reactions associated with epend^al tissue include pro- 
liferation, subependymal gliosis, and inflammation. Prolifer- 
ation, manifested by reduplication to several layers of cells^ 
may appear as an aging process. This is common in lower 
levels of the spinal cord, sometimes to such an extent that the 
central canal appears obliterated. Subependymal gliosis ap- 
pears to be a response to a chronic toxemia or anoxia as in 
alcoholism, the subepend:pial layer becoming greatly thick- 
ened and densely sclerotic. Inflammation (ependjunitis) is 
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seen in septic conditions of the ventricles and as a result of 
irritation of the lining cells by other agents, such as toxo- 
plasma. The subepend 3 Tnal layer is iwoUen and infiltrated 
with neutrophilic leucocytes, and the lining cells are redupU* 
cated, festooned and swollen, or may be eroded. 

3. Neuroglia. — ^The intramedullary supporting glial cells 
are astrocytes and oligodendroglia. In sections stained by 
hematoxylin and eosan they must be differentiated by nuclear 
configuration. The nucleus of the astrocyte is large, oval, 
pale, and vesicular, with chromatm material depomted in 
am nil dustlihe partides on a fine linin net. The nuclei of the 
oligodendroglia are about one-third smaller, more rounded, 
and stain darkly, with clumped chromatin masses. Special 
stains show that the astroe 3 rtes possess sucker-foot attachments 
to blood vessels and a great many fibriUar processes. The 
oligodendroglia have but few processes. Astrocytes appear 
in greater number in gray matter than in white. Oligoden- 
droglia are equally numerous in both gray and white matter 
forming the “satellite cdls” of the neurones and the “inter- 
fascicular supporting cells” of the nerve fibers. 

Astrocytes may undergo either regressive or reactive 
changes, degressive changes are most commonly seen as de- 
gmierative processes in ttunor cells, or in severe toxemia, and 
are manifested by shrinkage and gemistoc^osis . ShriuJiage 
is identified by pyknosis of the nucleus with fragmentation 
and extrusion. In gemistocyte formation the cells swell 
and the cytoplasm becomes stainable by routine methods. The 
distal parts of the ceU processes fragment and disappear 
while the roots become faintly visible. The nuclei are ec- 
centric and may be multiple. These cells are often referr^ 
to as “fat-astrocytes.” Eeactive changes in astrocytes are 
represented by proliferation an increase in the number by 
mitotic divisions; by gliosis, a production of glial fibrils 
forming a dense fibrous network and entering into repair 
phenomena; and by swelling, the visible cytoplasm increas- 
ing and varying up to the formation of “giant” astrocytes. 

OUgoden^oglis present three common reactive changes. 
Acute swelling and vacuolation is a nonspecific alteration 
which may occur as an agonal phenomenon. Proliferation, 
or an increase in number, is seen in toxic or infiammatory 
conditions. Satellitosis is an increase in the number of 
oligodendroglia neighboring a nerve cell body, and is seen 
in certain toxic states. It has been referred to as incidental 
to neuronophagia (see page 680). It may, however, repre- 
sent an independent toxic response. 
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There are a number of alterations in the nervous system 
in wiiich the parent reacting element is obscure, but in which 
glial ceto may take part. Glial nodes are nests of prolifer- 
ated glial cells, and are particularly prominent in rickettsial 
encephalitides. As they are often aggregated close to ves- 
sels and house intracellular organisms, the cells may be de- 
rived from perithelial cells of vascular adventitia. Olial 
plaques (Alzheimer) are sclerotic nodules representing focal 
repair efforts. They may contain glial fibers and eelb with 
an admixture of fra^ented nerve fibers. Corpora amylacea 
are concentric hyaline bodies of disputed origin. They are 
common after 40 years of age and often are conspicuous in 
premature senility. They stain witii iodine but contain 
neither amyloid nor fat. They resemble corpora amylacea of 
the prostate or the lung. 

4. Choroid Plexus. — ^The choroid plexus may be regarded 
as a pia-ependjrmal membrane invaginated by subarachnoidal 
vasculature. The ependymal epithelium with a thin fibrous 
substrate is disposed in foliated or villous pattern with a 
highly vascular core composed of loose trabecular tissue re- 
sembling arachnoid. Alterations in the choroid plexus are 
common but usually are unimportant. Most often encoun- 
tered are cyst formation, the thin-walled, translucent cysts 
appearing most frequently at the confiuent part of the 
lateral ventricles; concretions (brain sand), amorphous firm 
bodies sometimes quite numerous; and sclerosis, a fibrosis 
of the choroid core. 

5. Neuron. — The neurons are the functional units of the 
nervous system and by their interrelationships provide the 
physical basis for nervous activity. Bach consists of a cdl 
body and its processes. Microscopically, the best criterion 
for identification is the nucleus. It is large, round, vesicu- 
lar, and contains a large nucleolus. The nuclear membrane is 
distinct. The cytoplasm contains varying amounts and pat- 
terns of basoph^e material known as Nisri substance. Spe- 
cial stains enable identification of njurofibrils which traverse 
the cell body and continue into the proces^. The shape of 
the cell body varies greatly ; it may be multi- or unipolar and 
the size ranges from a diaimeter of a few microns to over 100, 
depending on location and function. From the c^ bodies 
arise a varying number of processes, some of which (den- 
drites) serve to fix the cell body and provide receptive sur- 
faces for synaptic contact. The axone is the process over 
which a nervous impulse is conveyed to an adjacent neuron 
or to an end organ. Those axones (axis cylinders) attaining 
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a diameter greater than 1.5 microns^ possess a fatty cover- 
ing, the myelin sheath. In the central nervous system this 
sheath is limited externally by the network of fibrillar proc- 
esses of supporting cells (oligodendroglia). In peripheral 
nerves the myelin is encased in a wrapping supplied by sheath 
cells (Schwann). Each ^eath cell has distinctly marked 
linear limits wliieh form a constriction (node of Eanvier) 
around the axis cylinder, at which point the myelin layer is 
obliterated. The axis cylinders terminate in buttonlike 
knobs (boutons) which provide the contact points at the 
synapse,* or in special peripheral structures in muscle or 
gland. 

Changes in the body of nerve cells are difficult to interpret 
because of the complex nature of the neuron and the dis- 
tances over which the processes spread. The common reac- 
tions of the cell body are dirinkage, swelling, vacuolation, 
pigment changes, chromatolysis, and neuronophagia. Shrink- 
age is indicated by marked irregularity in the shape of the 
cell, pyknosis of the nucleus, clumping and condensation of 
Nissl substance, and sclerosis or contortion of processes. 
Shrunken cells are common in senility and other cerebral 
atrophies, and also may appear in chronic infections. 
Swelling of nerve cells clouds the irregular surface contour. 
The cytoplasm stains faintly, the processes fragment, and 
the cell may be evident in outline only. This change, ap- 
parently reversible, occurs in acute toxic states and mild 
infections. It is the most prominent change in tetanus. 
Vacuolation of nerve cells occurs in toxic states. The ap- 
pearance of light brown or yellow pigment in a perinuclear 
position or in cytoplasmic blotches is observed commonly 
and is referred to as pigment degeneration. This degen- 
erative process diould not be confused with the normal pig- 
ment in cells of certain locations (locus caeruleus and sub- 
stantis nigra). In chromatolysis the Nissl substance be- 
comes fine, diq)ersed, peripheralized, or loses its staining 
properties altogether. The nucleus of the involved cell is 
eccentric in position. Feeause this change is believed to be 
a specific retrograde req)onse to axone inju^, it has been 
widely used to identify the nuclear or ganglionic origin of 
damaged fiber bundles in the central and peripheral nervous 
systems. Neuronophagia involves reaction of macrophages 
as well as nerve cells. Phagocytosis of nerve cells is com- 
mon only in infiammatory diseases and is conspicuous only 
when the death of the cell is brought about by an intracellu- 
lar agent. It is a characteristic occurrence in poliomyelitis. 
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A mass of macrophages may be seen occupying the position 
of, or within, a nerve cell body. In satellitosis, on the other 
hand, the cells are seen around but not within the nerve cell 
body. The phagocytic cells may be mononuclears from the 
blood, microglia, or oligodendroglia. 

The reactions of the axis cylinder to injury include changes 
in the neurasds, alterations at the synapse or end organs, and 
neuroma formation. By coating the argj^ropMlic neuro- 
fibrillar structure 'with reduced silver salts, the morphology 
of the axis cylinder and its terminal boutons is seen to vary 
under pathologic influence. The neuraxis may swell in ir- 
regular nodules or fragment and become granular. The 
synaptic change may be a loss of structure, or accentuation by 
beading and reduplication of terminal bulbs.® The diffuse 
encephalomyelitides induce the most profoimd synaptic 
changes. In peripheral nerves the end organs undergo dis- 
solution following severe damage to the nerve.® Neuroma 
formation occurs as a regrowth reaction to traumatic inter- 
ruption of nerve fibers. The neuroma is a tangle of regrow- 
ing neurofibrils, each spearheaded by a bulbous expansion, 
the growth cone. Neuromas may develop along the trunk of 
a nerve at a point of trauma or at the extremity of an ampu- 
tated stump. The microscopic appearance is complicated by 
growth of fibrous tissue or by sheath cell proliferation. In a 
traumatic neuroma of some duration, these supporting ele- 
ments remain and the argyrophilic substance of the neuraxes 
disappears. 

Iflyeliu Degeneration, — ^The loss of myelin substance 
(demyelination) is a prominent pathologic change in both 
central and peripheral nervous systems. In considering de- 
myelination as an index of injury it is essential to remember 
that most fibers normally possess no myelin. This fatty sub- 
stance, a complex of at least four lipoid, is deposited around 
fibers of both central and peripheral neuraxes. Injury to. the 
cell body or axis cylinder causes a degeneration of the myelin, 
or its di^lution may appew spontaneously without apparent 
nerve injury. Demonstration of the demyelination depends 
principally upon the use of three staining procedures. The 
■Weigert technique stains normal myelin blue or black. De- 
myehnated areas do not stain and hence are identifiable by 
contrast. This procedure is applicable to normal tissue and 
to old degenerations. The March! technique stains the altered 
hpoi^ of degenerating myelm directly, so that this procedure 
demonstrates active degeneration. Osmic acid will blacken 
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normal myelin. Used principally in peripheral nerve study, 
the failure to take osmic acid implies loss or absence of myelin. 

The demyelinatiag process and accompanying changes oc- 
curring secondary to trauma or interruption of peripheral 
nerves is called Wallerian degeneration. This proceeds in 
both distal and proximal directions from the point of injury. 
Proximally, the observable alterations in the myelin are usu- 
ally arrested at the next node of Banvier. The node probably 
plays no role in this since the same limitation of retrograde 
change is seen in the central nervous system. Proliferation 
of neurofibrils proximal to the injury occurs -within a few 
hours. DistaUy, the axis cylinders become granular and frag- 
ment, and the myelin undergoes dissolution and forms fat 



Fig. 315. — ^Amputatiott '^neuroina.’' 

droplets. The products of degeneration are removed, mainly 
by macrophages, in a few weeks. Simultaneously, regener- 
ative changes occur. The sheath cells (neurilemma, Schwann) 
proliferate, enlarge, and migrate from both proximal and 
distal stumps into lie defect, bridging it and providing cyto- 
plasmic clumnels for the regrowing neurofibrils from the prox- 
imal stump. The endoneural eomective tissue persists, re- 
inforcing the neurilemmal cells. Be^owth may be inhibited 
by s<»r tissue and by poor apposition of the stumps. Ee- 
growing neurofibrils will progress at the rate of % mm- per 
day through the scar and 3 to 4 mm. per day ttmough the 
peripheral stump.* Certain of the regrown fibrils slowly 
^aige within the Schwann cells and accumulate a myelin 
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sheath. The original status of an individual myelinated 
peripheral nerve fiber is reestablished in nine to twelve 
months. The complete restitution of all fibers of a peripheral 
nerve probably does not occur.®* * 

In the central nervous system there is a somewhat different 
process of demyelination. The sheath cells are replaced by 
oligodendroglia which lack the remarkable regenerative prop- 
erties of the former. Central nerve cell processes may be as 
inherently capable of regrowth as peripheral cells, but only 
those which possess a neurilemmal sheath are able to be re- 
stored. Consequently, functional repair of interrupted cen- 
tral neuraxes does not occur, although abortive neurofibrillar 
attempts at regrowth are constantly observed.®* ^®* “ Hence, 
disruption of nerve tissue with aecompan 3 dng demyelination 
in the central nervous system is an irreversible reaction. In 
the area of injury or softening where a lai^e amount of 
myelin is broken down, the degenerative fatty products are 
removed by macrophages (microglia). The degeneration of 
myelin progresses dis^y from the point of injT^. The 
myelin appears in droplet form and acquires staining re- 
actions which imply chemical alteration. The droplets will, 
however, remain in position for montibs, or even years, and 
mark the degenerating tract. Proximally (toward the cell 
body) the process may progress for a short distance but or- 
dinarily is insignificant. 

A second tp)e of demyelination occurs in the central nerv- 
ous system without apparent cause. (See demydinating dis- 
eases, page 702.) 

6. Sheath and Capsule Cells . — A membranous covering for 
penpheral nerve cell bodies and neuraxes is provided by 
capi^e and sheath cells. Microscopically, their nuclei ap- 
pear as rounded forms satellite to ganglion cells and as elon- 
gate structures along peripheral nerves. The sheath cells 
form a cylindrical tube threaded by a neuraxis and separated 
from it by a concentric sheath of myelin. When myelin is 
absent the neuraxis is covered intimately by the thin-waUed 
sheath cril. Applied to the outside of the Schwaim sheath 
are the collagenous elmnents of the endoneurium. The re- 
actions to which sheath and capsule cells are subject are, 
principally, hypertrophy and proliferation, and these occur 
prominently in repair of peripheral nerves. 

7. Meninges. — The coverings of the central nervous S 3 rstem 
include the dura (pachymeninx) and the pia-arachnoid 
(leptomeninx) . The dura is adherent to the cranial peri- 
osteum (external layer of dura) but is separated widely from 
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the periostetim. of the vertebral canal. The pia follows the 
surface of the brain closely and is separated from the arach- 
noid, 'which is in apposition with the dura, by the subarach- 
noid space. This space contains cerebrospinal fluid and is 
bridged by a spongy ne'twork of filaments, the arachnoid 
trabeculae. The principal histologic element of all mem- 
branes is coUageno'Us tissue. Elastic fibers appear in the pia- 
arachnoid and in the innermost layer of the dura. Flattened 
mesothelial cells (meningeothelium) line the subarachnoid 
and subdural spaces and cover the arachnoid trabeculae. In 
addition to 'the lining cells, fibroblasts and fixed histiocytes 
are identifiable in the membranes. Nests of epithelial-like 
cells are occasionally encountered buried in the dura. These 
are arachnoidal rests. The common reactions of the meninges 
to injury include production of macrophages, and false dura 
formation. The macrophages are derived from meningeo- 
theli'um or fixed histiocytes, or both, and appear in great 
number in mfliammatory conditions. False dura formation 
amounts to a rapid repair process in which a coagulum forms, 
later to be invaded by fibroblastic cells. This occurs when 
dural continuity is interrupted and in walling off hemorrhage. 

8, Vasculature and Belated Structures. — ^Intimal, medial, 
and adventitial changes in cerebral vessels are similar to those 
occurring elsewhere. There are, however, three peculiarities 
in cerebral vasculature which play prominent roles in reactive 
phenomena. (1) Vessels less than 70 microns in diameter 
contain little or no muscle in the media after 40 years of 
age.^* (2) In passing through the subarachnoid space the ves- 
sels acquire a meningeothelial sheath and, in penetrating to an 
intramedullary position, carry a second outer sheath derived 
from the pia lining. These concentric wrappings establish 
a perivascular ^ace (of Virchow-Bobin) which is continuous 
with perineuronal and interstitial [^aces in the central nerv- 
ous system. This space is the morphological basis for the re- 
action of perivascular infiltration or cuffing. Drainage from 
the interstitial spaces of the medullary substance passes 
through the Virchow-Robin channels and in so doing may 
load &e space with inflammatory cells or products of de- 
generation. In addition, exudate reaches the perivascular 
space through the vessel wall. (3) Vascular adventitial ele- 
ments provide the parent tissue which reacts to form an ab- 
scess wall in response to invasion by certain bacteria.” 

9. SUcrog'lia (Mesoglia). — Microglial cells are believed to 
be mesodermal elements derived from perivascular tissues 
and are distributed 'widely 'throughout the nervous system 
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in postnatal life. Normally, they appear to be at rest (fixed) 
in which form only the nucleus is evident in ordinarj* sections. 
Compared to the neuroglia, the microglial nucleus is small, 
very compact, and may be irregular in ^ape (round, elongate, 
or curved). The scanty cytoplasm and thin branding proc- 
esses reqtxire special staining to be demonstrated. These cells 
respond to the products of myelin degeneration. In this 
fat-granule cell reaction the cell processes are pulled in and 



Fig. 316. — ^Infarct of brain. The edge is shown, and many eomponnd 
granular corpuscles (microglia) are evident. 

the nucleus elongates, becoming bipolar. This rod ceU mi- 
grates to the site of injury, where the nucleus becomes 
rounded and lighter staining. As fat products are engulfed 
the e3d;oplasm becomes globular and the nucleus eccentric. 
These fat-laden macrophages (fat-granule cells, compound 
granular corpusdes) often migrate into the perivascular 
spaces. They are the characteristic cells in an area of cere- 
bral softening. 

10, The Cerebrospinal. Fluid. — The cerebrospinal fluid 
forms a eirchlatory system' peculiar to hervous tissue", per- 
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haps taking the place of the absent lymphatics. The fluid is 
formed from blood by the choroid plexus of the cerebral 
ventricles, probably by a process of dialysis, though there 
may be an active secretory mechanisan as well. Formed 
mainly in the lateral ventricles, the fluid passes through the 
interventricular foramina (of Monro) into the third ven- 
tricle and throng the narrow cerebral aqueduct (of Sylvius) 
to the fourth ventricle. Prom the roof and lateral extensions 
of this ventricle it escajpes through the lateral apertures (of 
Luschka) and ^e median aperture (of Magendie) to reach 
the subarachnoid space. From the lai^e subarachnoid cisterns 
at the base of the brain, it passes downward into the sub- 
arachnoid space of the spinal cord and upward through the 
narrow aperture of the tentorium cerebelH to bathe the sur- 
face of the brain. Most of the fluid is resorbed into the 
venous blood stream around the region of the vertex by way 
of the arachnoidal viUi which project into the lumens of the 
venous sinuses. Some diffusion of fluid probably occurs 
through the perivascular or Virehow-Eobin spaces by means 
of which interstitial fluid of the brain tissue is added to the 
cerebrospinal fluid. 

The cerebrospinal fluid reflects by its changes many impor- 
tant disease processes. Norm^y, the volume is about 125 
cubic centimeters. It is clear, colorless, has a speciflc gravity 
of 1.006 to 1.009 and contains fewer than 12 cells (mononu- 
clears) per cubic millimeter after 12 years of age. In in- 
fants there may be 20-30 cells per cubic millimeter. In dis- 
ease, there may be color chants due to fresh hemorrhage, or 
xanthochromia, a yellowish tinge derived from hemoglobin 
and implying stasis following hemorrhage. The cell content 
may be altered in both number and character, and chemical 
and serologic changes occur which are valuable aids in di- 
agnosis. The most striking change involving cerebrospinal 
fluid is the mechanical effect resulting from obstruction to its 
flow (hydrocephalus). 

Histogenesis of Nervous Tissues 

The primordial tissues giving rise to the structures of the 
nervous system include: (1) notochordal tissue, (2) meduUo- 
epithelium, (3) neural crest tissue, (4) neuroskeletal inter- 
tissue, and (5) general body mesoderm. 

Tumors of the Nervous System and Belated Tissues 

Intracranial tumors as a group have certain peculiarities 
due to their position and the nature of the cells from which 



THE NERVOUS SYSTEM 


687 


they arise. Occurring within a rigid bony box, their increase 
of bulk causes damage in increasing intracranial pressure. 
This is contributed to, also, by edema of nervous tissue around 
the growth, and often by obstruction to the pathway of cere- 
brospinal fluid, with some degree of hydrocephalus. A rela- 
tively small tumor may press upon or involve vital areas of 
the nervous sj^tem. Most of the intracranial tumors arise 
from supporting structures, i.e., neuroglia, dieaths of the 
brain (meninges) or cranial nerves, and blood vessels. Their 
greatest incidence is in middle age, but certain types occur 
mainly in childhood. Most of them do not metastasize, but 
they may be locally malignant and invasive. Others are 
quite benign biologically but are serious because of their 
position. 

Classification 

I. Chordoma 

II. Primary intramedullary neurogenic tumors 

A. Gliomas (supporting cell tumors) 

1. Ependymoma 

2. Oligodendroglioma 

3. Astrocytoma 

4. Medulloblastoma 

5. MeduUoepithelioma 

6. Pinealoma 

7. Glioblastoma multiforme 

8. Syringomyelia 

B. Nerve Cell Tumors 

1. Neurocytoma 

2. Neuroblastoma 

3. Betinoblastoma 

III. Primary extramedullary neurogenic tumors 

A. Supporting cell tumors 

1. Neuroflbroma 

B. Nerve cell tumors 

1. Ganglioneuroma 

IV. Tumors of vascular and perivascular structures 

A. Angioma 

B. Sarcoma 

C. Lymphoblastoma 

V. Meningiomas 

VI. Mixed tumors 

VII. Hypophyseal tumors 

VIII. Metastatic tumors 
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L Chordoma. — Chordomas are rare, slowly growing tumors 
derived from notochordal rests, most commonly in the sacrum 
and along the clivus. Grossly, the mass is gelatinous or mu- 
cinous and tends to compress or invade bone. Microscopically, 
they arc composed of large polyhedral cells disposed in lobules 
or cords surrounded by a myxomatous matrix. Both cyto- 
plasm and nucleus may contain mucus. Because of inac- 
cessability, complete removal is difScult and recurrence is 
usual. 



Pig. 317. — Ependymoma. 

II. Intramedullarry Tumors. — Tumors of nervous tissue 
p^per include the gliomas and neurocytomas. Gliomas con- 
stitute more than half of all intracranial tumors and repre- 
‘sent neoplasia of supporting tissues and their stem cells, 
whereas tumors of nerve cells are relatively rare. 

Gliomas.— 1, Ependymoma. — ^Ependymomas comprise about 
6 per cent of the gliomas. They are derived from ventricu- 
lar lining cells and appear commonly in the fourth ventricle, 
along the central canal, and in the Slum terminale. Although 
slow growing, they often interfere with cerebrospinal fluid 
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flow, producing acute increase of intracranial pressure. 
Grossly, they are usually distinctly demarcated from brain 
tissue. The histology is complex and Kemohan and Kerno- 
han^^ have grouped them as: (a) papilloma choroideum, a 
papillary tumor of the choroid plexus, closely simulating the 



Pig. 319. — ^Astrocytoma. Note the uniformity of nuclei and the abun- 
dance of fibers. 


normal structure, but with taller epithelium and numerous 
vacuoles containing mucus; (b) myxopapillary ependymoma, 
similar to above without mucus in the tumor cells but witib 
abundant myxomatous degeneration in the stroma; (c) epi- 
thelial ependymoma, tumors composed of tubular channels 
resembling the central canal, with cells free of vacuoles and 


THE NEBVOrS SYSTEM 


691 


mucus and often containing blepharoplasts ; (d) cellular ep- 
endymoma, a highly cellular tumor containing fragments of 
tissue conforming to the other patterns, and often dotted with 
pseudo-rosettes. In these ependymomas, mitoses are uncom- 
mon. A more imdifferentiated form, ependymoblastoma, 
occurs which grows rapidly and is highly malignant. CoUoid 
of the third ventricle may represent another form of 
ependymoma. 



Fig. 320. — G'anistocytic astroeytoma. 

2. OUGODENDBOGUOMA. — Oligodendrogliomas grow very 
slowly and appear most commonly in the cerebral hemi- 
spheres of adults. The tumor often contains calcium (roent- 
genographically visible) and tends to become cystic. His- 
tologically, they are extremely cellular and exhibit very little 
stroma. The nuclei are small, dark staining, and are sur- 
rounded by a halo of clear cytoplasm. Oligodendroblastoma 
are rare, highly malignant, rapidly growing variants of this 
tumor. 

3. Astrocytoma. — ^About one-half the gliomas, or one- 
fpurth of all intracranial tumors, are astrocytomas. They 
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occur diffusely throughout the nervous system and are poorly 
demarcated grossly. They grow slowly and appear benign 
histologicaJly. The cells are usually uiuform, with nuclear 
structure comparable to that of a normal astrocyte. More 
cytoplasm is evident than in normal cells and stroma is 
densely fibrillated. Very often, gemistocytes are formed and 
occasionally dominate the histologic picture (gemistocytic 
astrocyrtoma) . Astroblastomas are made up of larger cells 
with short thick vascular processes, often arranged in a 
radial pattern around a blood vessel. They exhibit more 



Fig. 321. — ^Medulloblastoma. Kote the oval dark nuclei and the absence 

of fibers. 


rapid growth. Spongioblastomas also may be considered a 
variety of astrocytoma.^® They are dominated, microscop- 
ically, by bipolar or unipolar cells which are thought to be the 
immediate stem cells from which astroblasts develop. Micro- 
scopically, they resemble neurofibromas. The cells and nu- 
clei are regular in size and exhibit no mitoses. They grow 
slowly. 

4. Medulloblastoma. — ^Medulloblastomas comprise about 
10 per cent of the gliomas and characteristically are rapidly 
growing midline cerebellar tumors of chil^en. They spread 




THE i;eryoxjs system 


693 


by implanting along the ventricles or in the meninges. Micro- 
scopically, the cells are small and pear-shaped, with a tapered 
cytoplasmic p:trefflity. They tend to line up in incomplete 
circle, forming partial pseudorosettes. The tumor cells are 
radiosensitive, but the response to radiation is temporary. 

5. MEDppLOEPiTHELioMA. — ^MeduUoepitheliomas are rare, 
highly malignant tumors having a cellular structure which 
simulates the primitive medullary tube, the anlage of all 
structures of the central nervous system. 



Mg. 322. — Glioblastoma mnltifonne. 


6. PiNEALOMA. — (See page 544.) 

7. Guobiastoma Multifobme. — Glioblastoma multiforme 
is the second most common of the gliomas. The cellular source 
of these tumors is obscure. Microscopically, representatives 
of many stem cells can be identified, lending the vari- 
ability of cellular form characteristic of the tumor. They 
are exceedingly malignant, rapidly expansive and invasive. 
They are often grossly hemorrhagic and their line of demarca- 
tion from cerebral tissue is indistinct. Microscopically, there 
is great variation in size and ^pe of cells, with giant and 
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multinucleate forms and numerous bizarre mitoses. There 
is frequently an endothelial hypertrophy and reduplication, 
imparting the appearance of extremely thick-walled vessels. 
Patches of necrosis surrounded by radiating clumps of small 
nuclei are very common. 

8. Sybingomyelu. — Syringomyelia is a cavitation occur- 
ring in the center of the spinal cord. It appears as a slowly 
progressive gliosis with subsequent cyst formation. The 
tumor may represent a variety of astrocytoma or may be 
formed by proliferation of epend37mai processes. The cavity 
may be focal and round, fusiform and linear, or multiple. Its 
neoplastic character is questionable. 

Neurocytomas. — The second group of primary intramedul- 
lary tumors consists of those stemming from the meduUoblast 
in the direction of the nonsupporting element of the nervous 
system, the neurocyte. 

1. Neubocytoma (Ganguokeuboma). — ^Neurocytomas are 
reire tumors characterized by the presence of mature nerve 
cells in which Nisd. substance is demonstrable. They grow 
very slowly. 

2. Nedboblastoma. — Closely related to medulloblastomas, 
neuroblastomas are rare tumors composed of neuroblasts, 
identifiable by large vesicular nuclei in small rounded cells, 
with little cytoplasm and no Nissl substance. Neuroblasts 
can often be identified in medulloblastomas. 

3. Retinoblastoma (Netjeoepitheiioma). — Occurring in 
childhood, retinoblastomas arise from the retinoblast, the 
representative of the n^oblast in the retina. Closely re- 
lated to the meduUobUistomas, they resemble them in be- 
l^vior, implanting along meningeal spaces. They tend par- 
ticularly to invade the optic nerve. Microscopically, the 
cells are small and round, with little cytoplasm, and tend to 
form rosettes (see Plate aV). 

HL ErtrameduUary Neurogenic Tumors.— Neurogemc tu- 
mors developing outside the substance of the brain and spinal 
cord are tumors of peripheral ganglion cells and nerves, and 
of the stem cells of these structures. In addition, there are 
a number of neurogenic tumors arising in the adrenal medulla 
(see page 551), chromaffin structures (see page 461), and in 
the skin (melanoma, see page 634). Rardy, neurogenic tu- 
mors microscopically resembling neuroblastoma or medullo- 
blastoma may be found in odd sites, such as bone, skin. 




Plate XV.— Retinoblastoma: L InvolTement of eye and optic nerve. 
t Ttoor m eye. S and 4. Invasion of tumor over meningeal surface of 
brain. 5. Cross section of optic nerve, showing invasion by tumor. 
Cerebral tissue invaded by tumor. 





THE NERVOUS SYSTEM 


695 


muscle, etc., where the stem cell is obscure but probably re- 
lated to the mi^ant cell. The principal extramedullary pri- 
mary neurogenic tumors are ganglioneuromas and neuro- 
fibromas. 

1. Ganguoneueoma. — Ganglioneuromas are the peripheral 
counterpart of the centr^ neurocytoma. Grosdy, they ap- 
pear as fieshy masses, often large, and are usually located 
along the thoracic and lumbar sympathetic t nmTf bulging into 
the mediastinum or retroperitoneal region. They grow slowly 
and are benign. Microscopically, they show mature nerve 
cells in a profuse stroma of sheath cells, fibrous tissue, and 
varying amounts of nexuofibrils and myelin. 

2. Neubobtbeoma. — ^Three sources contribute to the morph- 
ology of the peripheral nerve: neuraxes of the nerve cells, 
sheath cells, and fibroblastic tissue from endoneural and peri- 
neural supporting structures. The contribution of neuraxes to 
the neurofibroma is insignificant. Tangles of neuraxes appear 
with their growth cones primarily in reparative processes 
(amputation neuroma). The rdative importance of sheath 
cells (Schwannoma) or perineuxeum (perineuronal fibro- 
blastoma) in the formation of neurofibromas is a much de- 
bated, and still unsettled, question. These tumors occur along 
peripheral nerves and at Iheir endings. They may be single 
or multiple (see von Beddinghausen's disea^ page 214), 
and they vary in diameter from one or two millimeters to 
several centimeters. They are encapsulated and are some- 
times nodular. Microscopically, they are characterized by 
interlacing fiber bundles, palisading of nuclei, foam cells, 
and pigmented areas of degeneration. Very often, one or 
more of these findings may be absent. One particular variety 
of neurofibroma deserves special mention — the acoustic neu- 
roma. This tumor arises from the sheaths of the eighth 
cranial nerve, usually within the internal auditoiy meatus. 
It extends inward, occupymg the cerebello-pontina angle. 
Neurofibromas are slow-growing and benign. 

IV. Tumors of Vascular and Perivascular Structures. — 

1. Hemangioma. — ^Hemangioma occurs most commonly over 
the surface of a cerebnd hemisphere as a tangle of tortuous 
large and small vessels. Microscopically, it is similar to an- 
giomas in other locations (see page 242). 

2. Hemangioendothelioma. — ^Hemangioendotheliomas are 
most common in the cerebdlum of adifits. They appear as 
a am all firm reddi^ ‘‘mural nodule” in the wall of a large, 
smooth <yst. Histologically, they are composed of many im- 
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mature blood vessels with swollen endothelial Iming cells. If 
associated with retinal angiomatosis the condition is called 
Lindau’s disease. 

3. Sakcoma, — ^Malignant, rapidly growing sarcomatous le- 
sions occur in the brain, growing especially around blood 
vessels. 

4. Lymphoblastoma. — ^Lymphoblastomatous tumors occur 
infrequently in the epidural space and within the substance 
of the brain or cord. 



Fig. 323. — Meningioma. Verj numerous rounded psammoma bodies 

are shown. 


V. Tumors of the Meninges. — Meningiomas comprise about 
one-fifth of all intracranial neoplasms, being second only to 
gliomas in frequency. They are essentially benign tumors, 
which grow slowly, and compress the brain by eapansion. The 
commonest sites are over the cerebral hemispheres, along the 
sagittal sinus, over the cribriform plate, and along the lesser 
wing of the sphenoid. They often erode the bone, and some- 
times stimulate bone growth into the tumor. They are en- 
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capsulated, distinctly demarcated from brain tissue, and are 
always attached to meninges. The microscopic appearance 
varies greatly but is often highly cellular, with a pronounced 
whorled arrangement. The central portion of the whorls un- 
dergoes degeneration and calcification, fo rmin g psammoma 
bodies. The exact origin of the tumor is still debated, but 
that they arise from leptomeningeal cells is a common opinion. 
In rare instances a meningioma may not be localized but in- 
volves the brain surface over a wide area. Malignant fibro- 
sarcomatous forma also occur. 

VI. Mixed Tumors. — 

1. Epidermoid tumors (pearly tumors, cholesteatomas), 
dermoid tumors, and teratomas. These tumors axe thought to 
arise from congenital cell rests. Morphologically, they are 
similar to their counterparts elsewhere (see page 224). 

Vn. Hypophyseal Tumors. — ^These include the pituitary 
adenomas and craniopharyngiomas (see page 517). 

Vlil. Metastatic Tumors. — ^Metastatic tumors of the brain 
occur commonly from the lung, and somewhat less commonly 
from breast, stomach, kidney, adrenal, and prostate. SMn 
tumors involving the orbit sometimes invade &e brain. Sec- 
ondary tumors usually can be identified by their globular 
shape, sharp demarcation, and frequent multiplicity. iMicro- 
scopically, they resemble the primary growth. 

Developmental and Congenital Disorders 

Belated to faulty closure of the bony structures housmg 
the medullary tube are numerous developmental disordera 
which vary primarily in degree of involvement. Bachischisis 
is a failure of formation of the dorsal arch throughout the 
length of the vertebral column, with exposure of the unclosed 
neural groove. Myelocele is similar to rachischisis except 
that part of the dorsal arch (usually the thoracic portion) 
is formed. The spinal cord may be wholly or partially formed 
as a medullary tube. Meningocele is a leptomeningeal pro- 
trusion through a local defect in bone and dura with the 
leptomeninx underlying the ^in. This may occur in the 
vertebral column or skull. Meningomyelocele is similar to 
meningocele with the inclusion of spinal cord tissue in the 
protruding part. If brain is the part involved, the condi- 
tion is called enoephalocele. Syringomyelocele is similar to 
meningomyelocele but with the addition of a marked dis- 
tention of the central canal. Spina bifida occulta is a con- 
genital local dorsal arch defect (usually lumbar or sacral). 
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in ■which the gap is filled ■with connective tissue to which the 
cord membranes are attached. With unequal growth of cord 
and vertebral column,, tension of the cord results in neurolog- 
ical signs. This condition 3 delds to surgical treatment. 

Malformations may primarily involve brain tissue. An- 
encephaly is the conation wherein the forebrain and calvaria 
are abseut. Often there are marked pathologic changes else- 
where, such as atrophy of adrenal glands. It probably is due 
to defective organization in primordial tissues. Porencephaly 
is an abnormal cavitation -within the brain substance, the 
cavities usually communicating with the -ventricles. The 
condition is looked upon as a partial ageusia and is associ- 
ated -with maldevelopment elsewhere. Heterotopias are per- 
sistent islands of tissue which, though normal for certain 
developmental stages, are abnormal when found in the ma- 
ture brain. Malformation of gyri is a common occurrence. 
Unusually large gyri are called macrogyri, unusually small 
ones, mierogyri. Disturbances in brain volume are said to 
exist when brain weight in the adult varies beyond certain 
extremes. With an average weight around 1,350 grams, it 
is not uncommon to encounter brains weighing as little as 
1,000 or as much as 1,700 ^ams. Mcrocephaly is the term 
applied to very small brains, macrocephaly to very large 
brains. Each condition is often associated -with hydro- 
cephalus. Oxycephaly is a condition in which a tower- 
shaped skuU is associated -with premattue synostosis of 
cranial sutures. Mental deficiency, papilledema, and even- 
tually blindness result from disaroportionate growth of the 
brain in the deformed skull. 

Congenital hydrocephal'os is the condition of an abnormal 
amount of intracranial cerebrospinal fluid present at, or 
shortly after, the time of birth. Several descriptive terms 
are applied to the condition depending upon gross varia- 
tions. External hydrocephalus describes the condition 
wherein most of the fluid accumulates over .the surface of 
the brain. Internal hydrocephalus exists when the ven- 
tricular ^stem is distended. HydromicrocepMy refers to 
the condition of small head, early closure of fontanelles and 
sutures, with a concomitant hydrocephalus, usually both 
extern^ and internal. Examples of this condition are the 
“ pinheads” of circus fame. Hydranenoephaly exists when 
the forebrain is represented only by a thin membranous sac 
filled -with water. The head size may be normal and the 
fontanelles close appropriately. In hydromacrocephaly the 
head is enlarged, -with fontanelles and sutures -widely open. 
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The ventricular system is dilated, sometimes to a volume of 
several liters. Often the chambers are confluent. Con- 
siderable brain tissue often persists in the outer shell. These 
cases represent the condition most often referred to as hydro- 
cephalus. Oommunicatmg hydrocephalus exists when ab- 
normally increased fluid is present, although the connections 
between the ventricular system and the subarachnoid space 
are patent. 

Theoretically, the production of hydrocephalus may be 
brought about in three ways : (1) by overproduction of fluid, 
(2) by obstruction to its flow, and (3) by interference with 
its absorption into the venous system. 



Eig, 324. — ^Hydrocephalus, Note the extreme dilatation of ven- 
tricles, and the thinness of the cerebral substance. (Courtesy Dr. H. 0. 
Schmeisser.) 


The production of cerebrospinal fluid fluctuates with venous 
pressure. Hence, an obstruction to venous return from the 
dioroid plexus might well cause excessive production of fluid. 
This situation may be found with tentorial tears in the new- 
born, where blood accumulates in the superior cistern and 
around the vein of Galen, intracranial hemorrh^e of this 
type is often associated with increased intracr^^ tension 
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and, at autopsy, an incipient iiydrocephalus can be demon- 
strated. However, the extravasated blood and the resultant 
arachnoidal reaction may operate to obstruct the flow of fluid 
through lie aperture of the tentorium cerebelli in the sub- 
arachnoid space. The condition would then represent an ob- 
stroctive type of communicating hydrocephalus. Exuberant 
growth or cj^sts of choroid plexus are commonly found associ- 
ated with infantile hydrocephalus, but probably are not caus- 
ative. 

Obstruction to the flow of cerebrospinal fluid is noted com- 
monly in the following locations; (a) interventricular for- 
amina (of Munro), (b) cerebral aqueduct (of Sylvius), (c) 
apertures of the fourth ventricle (of Magendie and Luschka), 
and (d) in the subarachnoid space at the constricted ten- 
torial aperture. The etiology of the obstruction is often ob- 
scure, but there have been noted congenital atresia of the 
cerebral aqueduct, occluding tumors of the aqueduct in in- 
fants,^® and ependyrmtis with inflammatory changes produc- 
ing obstruction, particularly at the interventricular foramina 
and aqueduct of Sylvius. Eecently, toxoplasma has been in- 
criminated as the inciting organism.” The infection is 
thought to be transmitted in utero since the defect produced 
often can be allocated to early pregnancy by the stage of de- 
velopment of certain structures. Current opinion favors this 
as the most important single cause of congenital hydroceph- 
alus (see page 169). Arachnitis from meningeal infection 
may obstruct cerebrospinal fluid flow by exuberant fibrous 
proliferations over the foramina of Luschka and Magendie 
and in the interpeduncular and superior cisterns at the 
tentorial aperture. This condition has been found in infants 
but is probably more important in generating adult hydro- 
cephalus. 

Interference with absorption of cerebrospinal fluid may 
occur from destruction of arachnoid granulations by menin- 
gitis. This mechanism of development of hydrocephalus also 
occurs in expanding central lesions of the brain which, by 
compressing the brain against the skull, obliterate the sub- 
arachnoid space over the vertex (see adult hydrocephalus, 
p. 719). 

Other malformations of cerebral tissues include spastic 
diple^a, tuberous sclerosis, mongolism, and amaurotic fam- 
ily i(£ocy. 

Spastic dipleg (Little’s disease) is characterized clin- 
ically by spasticity of the lower extremities, choreiform move- 
ments, and sometimes, mental deficiency due to central neu- 
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ronal degeneration. Grossly, the brain is usually small and 
shrunken with patches of microgyri, and there may be gross 
defects in the cerebellum and pons. Although the inciting 
cause is thought to be a defect in development, it is possible 
that some diffuse active process as well may be at work to 
induce the symptomatology. The syndrome is duplicated in 
infantile encephalomyelitides and in toxic reactions. There 
is some evidence implying dissolution of the small intemuncial 
cells in the spinal cord gray matter®* “ imposing a block be- 
tween cerebral iufluence and the final common path. Micro- 
scopically, the atrophied areas show gliosis. 

Tuberous sclerosis is a congenital and familial disease 
manifest a few months to a few years after birth in mental 
deficiency, epileptiform seizures, cutaneous tumors similar to 
sebaceous adenomas, and often tumors of other organs. 
Grossly, the brain is small, firm, and dotted by areas of macro- 
gyri, pearly white in color, and often nodular in form. Simi- 
lar fira nodules may project into the ventricles. The nodules 
are composed of dense glial tissue and contain irregular giant 
cells and atypical gHal elements. Hyperplasia of the seba- 
ceous glands of the nose and cheeks (adenoma sebaceum) and 
benign embryonic tumors of the heart and kidneys are com- 
mon accompaniments. The clinical syndrome characterized 
by mental changes and adenoma sebaceum of the skin in as- 
sociation with tuberous sclerosis of the brain is called epiloia. 

Mongolian idiocy is characterized by mongoloid features in 
an idiotic child of Caucasian parents. The head is usually 
small, the tongue prominent, and the musculature hypotonic. 
The brain is small and there may be gross defects in the 
gyri. There is apparently a diminished number of cortical 
neurones, and the cortical architecture is distorted. Hy- 
pophyseal changes have been described (see page 520). The 
etiology is obscure. 

Amaurotic family idiocy (Tay-Sacks disease) is a familial 
condition which occurs in infantile and juvenile forms. The 
infantile form is found mainly in the Jewish race. Pro- 
gressive muscular weakness develops in the early months of 
life, and mental development fails. There is a characteristic 
peculiar cherry-red spot in the retina, and later optic atrophy 
and blindness develop. The brain is atrophic and firm. The 
cerebellum may share in the atrophy. The characteristic 
histologic feature is distention of many of the nerve cells by 
a gi^^ar deposit of lipoid (lecithin) in the cytoplasm. The 
lipoid deposit also involves cell processes. The degeneration 
of harve cells and processes is followed by widespread gliosis. 
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The condition bears some relation to Niemann-Pick’s disease, 
in which, likewise, lecithin may be found in nerve cells 
(see page 430). 

In the juvenile form, which is more common in gentiles, the 
cherry-red spot in the macula is not present, and the lipoid in 
nerve cells is not lecithin, but stains well with the usual fat 
stains. 

Demyelinating Diseases 

The process of demyelination has been described as a sec- 
ondary phenomenon following damage to continuity of nerve 
tissue (p. 681). A similftr process is, however, observed fre- 
quently in the absence of any established primary cause.^^ A 
group of diseases occurs characterized by demyehnation, 
whi<i. may be patchy or diffuse. 

Under the terms diffuse leucoencephalopathy is included a 
large, heterogenous group of diseases varying in age of ap- 
pearance from infancy to adolescence, in onset from acute to 
gradual, and in course from a few months to many years. 
Familial or hereditaiy trends in some ^es are described. 
AH are characterized by diffuse dissolution of white matter, 
usually bilateral and symmetrical, and beginning in the oc- 
cipital lobes wilh extension forward. The terminus is often 
by aspiration pneumonia which interrupts the process at 
various stages. Grossly, the brain is soft and the white mat- 
ter gelatinous or it may be sclerotic. Weigert stains show 
absence of myelin, with sparing of the short associational 
axones at the cortical margin. Older areas of degeneration 
Aow glial proliferation with formation of many bizarre cdl 
forum and various areas of gliosis. Areas of active degen- 
eration show a fat-granule cell reaction, with perivascular 
cufSng by fat-laden macrophages, and the meningeal spaces 
may contain large numbers of these cells. There may be dif- 
fuse sclerosis or none at aU, References to this condition 
may be found under the terms diffuse sclerosis, leucoen- 
cephalopathy without sclerosis, progressive degenerative 
subcortical encephalopathy, encephalitis periaxialis diffusa, 
Schilder’s disease, !&abbe’s disease, and Pelizaeus-Merz- 
bacher’s disease. 

Disseminated sclerosis (multiple sclerosis) is a relatively 
common disease of undetermined etiology, with onset usually 
between the ages of twenty and forty years. There are wide- 
spread scattered irregular lesions, predominantly in white 
matter, which appear grossly as y^ow-^ray areas on the cut 
surface of the brain or cord. These stand out prominently 
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as pale areas in Weigert preparations. They are most prom- 
inent in the long tracts of the cord, and lesions of the stem 
and cord figure conspicuously in the symptomatolc^. Micro- 
scopically, the lemon is a plaque of demyelination, and in de- 
generated areas of long standing there may be gliosis. The 
early degeneration appears to spare die axis cylinders, ac- 
counting for transient remissions. As in diffuse sclerosis, the 
microscopic picture depends on the duration of the lesion. 
the active process fat-^anule cells are operative, form peri- 
vascular cuffs, and spill into the subarachnoid space. The 
optic nerve is often involved. If the optic neuritis dominates 
and is associated with an acute patchy encephalomyelitis, the 
condition is called ophthahnoneurom^elitis (Devic’s disease). 

In subacute combined degeneration there is patchy degen- 
eration affecting the posterior and lateral columns of the 
spinal cord. It is associated with macrocytic (pernicious) 
anemia and achlorhydria. The early lesions are focal areas 
of destruction of axis-cylinders and myelin ifiieaths, with 
softening and removal of degenerated material by microglial 
cells. Fusion of the areas and ascending and descendii^ de- 
generation of cord tracts result in extensive damage of the 
posterior and lateral columns. Inflammatory reaction is 
absent, and little glial repair occurs. The damaged areas 
show only a ddicate, spongy network of glial fi.beis. The ex- 
act relationship to pernicious anmnia is s^ unknown. There 
is some evidence that early adequate liver treatment will 
prevent involvemmit of the nervous S3^em. Since repair 
does not occur in the central nervous system, liver therapy 
will not xmdo the damage. Peripheral nerve demyelinization 
is also common in pernicious anemia, and improvement in 
nervous symptoms following liver therapy is due mainly to 
repair of peripheral nerve degenerations. 

Neuromuscular Disorders and Muscular Dystrophies 

Dissolution of muscle may occur with pathologic involve- 
ment of the central nervous system, peripheral nerves, or 
musdes, and hence is conveniently described as mydopathic, 
neurotrophic, and myopathic. 

Myelopathic Muscular Atrophies 

Amyotonia congenita (Oppenheim’s disease) has as its 
essential feature a paucity of cells in the anterior horn 
of the spinal cord. In a related condition (Werdn^-Hoff- 
nmim type) there is actual degeneration of the ganglion cdls 
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and neuronopliagia. There is yreakness of muscles lacking 
their proper nerve supply, and microscopically the musde 
fibers show marked variation in appearance, many being of 
embryonic type. 

Friedreich’s ataxia is one of a group of hereditary dis- 
eases in which ataxia is prominent. Degenerative changes 
occur in tracts of the spinal cord, so that lie wrd appears 
smaller than normal. Myelin sheath degeneration, particu- 
larly in the spinocerebellar and posterior eolunms, is shown 
by light unstained areas in Weigert preparations. The de- 
generation apparently begins in the cells of Clark’s column. 
Late in the disease the p 3 oramidal tracts may be involved. 
Gliosis follows the myelin degeneration. 

Progressive muscular atrophy is a sporadic disease at- 
tacking young adults. The muscular atrophy may involve 
the upper extremity, or be bulbar or mes^cephalic in posi- 
tion. Muscles lose their striations and diminish in size. Some 
normal fibers remain. The atrophy is secondary to degen- 
eration of anterior horn cells. The disease is slowly pro- 
gressive. There may be spontaneous stationary periods last- 
ing for a number of years. 

Amyotrophic lateral sclerosis is a disease appearing in 
later life and running a fairly rapid course to fatal termina- 
tion. The pathologic changes are similar to those of pro- 
gressive muscular atrophy with an added bilateral degen- 
eration of the pyramidal tracts starting at the cerebral cortex. 

Neurotrophic Muscular Atrophy 

Traumatic injury to a peripheral nerve results in muscu- 
lar atrophy (see page 682) . 

Hypertrophic neuritis is a nodular proliferative condition 
of sheath cells along a peripheral nerve. There may be an 
associated central demyelination, particularly in the dorsal 
columns. 

Peroneal muscular atrophy is a degeneration of the 
peroneal musculature with an associated proliferative neu- 
ritis. There is atrophy of the calf muscles, with foot drop 
and clubfoot. The disease is hereditary and occurs in the 
first decade. 

Myopathic Muscular Atrophy (Dystrophy) 

Myasthenia gravis (see page 543) . 

Myotonia congenita is characterized by sustained con- 
traction on volimtary movement. The muscles often are 
hypertrophied. 
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Progressive muscular dystrophy is a primary disease of 
muscles characterized by a prolonged course and great muscu- 
lar weakness. The muscles may show a marked pseudohyper- 
trophy. Microscopically, great variation iu fiber size is ap- 
parent. Terminally, the muscle is replaced by connective tis- 
sue. Creatine appears in the urine. 

Diseases of Estrapyramidal Motor Systmn 

In dishes of the extrapyramidal motor system, the lesions 
are localized or predominant in extrapyramidal parts known 
to affect motor activity. These parts include thalamus, basal 
nuclei (caudate, putamen, globus paJHdus, claustrum, amyg- 
daloid), and several lower stem nuclei (subthalamic body, 
nucleus ruber, substantia nigra). Clinically, there are di^ 
tmbances in motor activity, manifested by tremor, choreiform 
movement, torsion spasm, or rigidity without true motor 
paralysis. The symptomatology varies with the topography 
of the lesion. 

Pro^essive lenticular de^neration (Wilson’s disease) is 
a familial condition appearing in an adolescent or young 
adult, its var 3 Tng course progressing to a fatal ending in a 
few months to ten years. There is a bilateral [symmetrical 
degeneration and cavitation of the putamen and, occasionally, 
the wudate nucleus. The involved tissue develops a spongy 
consistency. Microscopically, there is a marked glid pro- 
liferation, with the production of giant astroc^s. Associ- 
ated with the disease in the basal nuclei there is a cirrhosis 
of the liver. In addition to the tremor and spasticity of 
skeletal muscles often there is striking emotional disturbance. 
A characteristic feature is the appearance of greenish pig- 
mentation along the corneal margin (Kayser-Fleischer ring). 

Pseudosclerosis (Westphal-Strumpell) occurs sporadically 
and in a younger age group (under 10) than Wilson’s dis- 
ease. The basM nudei, with predominant thalamic involve- 
ment, are enlarged and sclerotic, but without a characteri^ic 
gross appearance. Mieroscopically, there is glial proliferation 
and gliosis. Cortical lesions may be present. The conation 
is often regarded as a form of Wil^n’s disease, which it 
resembles clinieally. 

Acute chorea (Sydenham’s chorea) usually appears be- 
tween the ages of 5 and 15 years. It is commonly associated 
with rheumatic fever, tonsillitis, exanthems, and various toxic 
and infectious encephalitides. There may be an associated 
rheumatic myocarditis. The cerebral lesions are difficult to 
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localize, but sudi striatal inTolvement as embolic softenings, 
focal degenerations, toxic changes in striatal cells, and even 
focal structures resembling AsHihoS bodira have been de- 
scribed. Clinically, the disease is characterized by rapid, in- 
voluntary, purposeless movements and marked incoorcUna^ 
tion, especially of the upper extremity. Mentality is not 
affected. Recovery occurs in a few wee^ to several years. 

Chronic progressive dhorea (Huntington’s chorea) is a 
familial progressive disease appearing after 30 years of age. 
Sporadic cases are said to occur also. Profound mental 
changes are associated with the grimacing, gesticulation, 
and incoordination of the chorea. The corpus striatum is 
severely shrunken, with dissolution predominant among the 
smaller cells, and degeneration is found in the rapragranular 
layers of the cerebral cortex. Secondary gliosis is present in 
lesions of long standing. 

Paralysis agitans (Parkinson’s disease, shaking pal^) is 
charaeterized dinieally by coarse tremor (at rest) and 
muscular rigidity, most prominent in the upper extremity. 
Ordinarily lie condition is progressive, with eventual appear- 
ance of lie tremor in lower extremity, jaw and tongue, and 
marked alteration in gait Two distinct forms, “essential” 
and “secondary,” are recognized. Essential Parkinson’s dis- 
ease begins during or after the involutional period and 
progresses slowly. The secondary form is associated with 
epidemic encephalitis, cerebral trauma, and degenerations due 
to chemical poisoning (manganese, carbon monoxide) . There 
are depnerative changes in the basal nuclei, which rarely may 
be evident grossly as lacunar softenings associated witli 
vascular disease. Senile changes may accompany the essential 
form. Often the changes in tiie basal nuclei are evident only 
on quantitative stu^. Loss of nerve cells and nonspecific 
cellular changes (pigmentation, degeneration, swelling, and 
shrink^e) predominate. The substantia nigra is the prin- 
cipal site of involvement in postencephalitic parkinsonism, 
while the globus pallidus and putamen are damaged more 
prominently in the essential form. 

Lesions of the basal nuclei may be associated also with 
torsion spasm (dystonia musculorum), a pattern of writhing 
distortions of the trunk; spasmodic torUcoUis (wryneck), a 
paroaysmal, jerky rotation of the head, often with eventual 
fixation; cAhetosss, purposeless writhing movements of the 
distal parts of e^remities; hemibaUismus, unilateral, wild 
fiinging, exhaustive movements suggesting exaggerated chorea ; 
and myoclonus and tic, twitchlike, rapid muscle movements. 
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The exact location of the lesions in these conditions is uncer- 
tain, and the symptoms are thought to arise from premotor 
cortical influence no longer modified by basal nuclear activity. 

Diseases of Intracranial Vessels 

Meningeal Vasculature. — ^The vascular system of the 
meninges includes three distinctive sets of vessels; the dural 
sinuses and their tributaries (emissary veins and superficial 
cerebral veins), the meningeal arteries, and the subarachnoid 
arteries.^ The dural sinuses and their tributaries are im- 
portpit in regard to both infections and hemorrhage, and the 
meningeal and subarachnoid arteries principally in relation 
to hmorrhage. 

Sinus thrombosis is essentially a thrombophlebitis of a 
dural sinus. Cavernous sinus thrombosis is related to infec- 
tions of the nose, upper lip, cheek, orbit, and sphenoid and 
posterior ethmoid paranasal sinuses. Superior sagittal sinus 
thrombosis occurs as a sequd to frontal sinusitis. Transverse 
sinus thrombosis is most often related to middle ear and 
mastoid infections. Superficial infections of scalp and nedt 
and retropharyngeal abscesses can also give rise to sinus 
thrombosis by conduction along appropriate emissary veins. 
There is usually an associated leptomeniugitis, and sinus 
thrombosis is thought to be important in the pathogenesis of 
some brain abscesses (see page 714). 

Epidural hemorrhage ordinarily refers to blood in the 
temporal region from traumatic rupture of the middle 
meningeal artery or its branches, but rarely, is due to a tear 
of an emissary vein as it enters a dural sinus. This may be 
found in the posterior fossa from rapture of the mastoid 
emissary as it enters the transverse sinus. The hemorrhage is 
limited in extravasation to individual bone areas due to the 
dural attachments at the suture lines. The clot forming be- 
tween dura and bone compresses the underlying brain tissue. 

Dural or subdural hemorrhage (subdural hematoma, 
pachymeningitis hemorrhagica interna) occurs when bleeding 
from dural vessels extravasates in a subdural or intradur^ 
position forming a hematoma. Whether the hematoma is 
limited internally by a thin strip of dura or by false dural 
membrane is debatable. The bleeding point may be difficult 
to localize, but in recent traumatic cases can often be traced 
to the junction of superficial cerebral veins wift dural sinui^. 
Usually there is a small amount of subarachnoid extravasation 
due to arachnoidal tears. The hematoma is most frequent 
over the frontal and parietal areas and is often bilateral. Al- 
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though generally regarded as traumatic, spontaneous cases 
have occurred in blood dyserasias, infections, and toxemias. 
The hematoma organizes at its periphery, usually retaining a 
fluid center. Its clinical effects are due to the fact that it 
is a i^ace-occupying mass. 

Subarachnoid hemorrhage is from subarachnoid arteries 
which lie superficially in the subarachnoid spaces of the base 
of the brain and deep in the sulci over the other surfaces, or 
from subarachnoid veins which occupy a superficial position 



Fig. 325. — Subarachnoid hemorrhage. 


over the vertex. Bleeding from the latter vessels occurs as a 
result of trauma, blood dyserasias, or rupture of a surface 
angioma. Blood may also appear in the subarachnoid space 
by rupture from a hemorrhage in brain tissue or by conduc- 
tion with cerebrospinal fluid from an intraventricular hemor- 
rhage. However, subarachnoid bleeding most commonly is 
from a ruptured aneurysm. The aneurysms are usually basal 
in position at points of vessel branching. The most important 
aneurysms are congenital or mycotic, but some have been 
ascribed to arteriosclerosis and syphilis. 
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“Congenital” aneurysms (see p. 239) are of fairly fre- 
quent occurrence. The angles of bifurcation of the arteries 
about the base of the brain are common sites. They are due 
to congenital weakness of the media at the point where the 
vessel branches.®" The aneurysm itself is not always con- 
genital, though the defect in the vascular wall is a congenital 
or developmental abnormality. Small leakages may occur 
through the wall of the sac, giving rise to pigmentation and 
thickening of meninges in the neighborhood of the aneurysm. 
Rupture of the aneurysm results in a subarachnoid hemor- 
rhage, often rapidly fatal. The subarachnoid space about the 
region of the aneurysm (hence usually at the base of the 
brain) is found filled by recent blood clot. The clot may 
easily hide the aneurysm unless it is carefully removed. Oc- 
casionally the hemorrhage extends into the ventricles. 

Mycotic aneurysms are produced by infected emboli 
lodging in cerebral vessels. Subacute bacterial endocarditis 
is the commonest source of the embolus, and the middle cere- 
bral artery is the commonest site. Emboli bearing organisms 
of high virulence produce abscess or menmgitis rather than 
mycotic aneurysm. 

Birth injury may result from molding of the head during 
birth, which puts a strain upon the falx of the dura and the 
tentorium over the cerebellum. A tear may result sometimes 
with involvement of dural sinuses of the great cerebral vein 
(of Galen), and some subarachnoid hemorrhage may be found 
also. 

Intramedullary Vascular Disease 

Arteritis and vascular degeneration, with resulting throm- 
bosis or hemorrhage, occurs as a result of vascular damage 
from many poisons (carbon monoxide, arsenic), in septic 
conditions (scarlet fever, pneumonia), blood dyscrasias (pur- 
pura, leukemia), periarteritis nodosa, Buerger’s disease, and 
syphilis. The brain tissue shows multiple small hemorrhages 
or softenings. Syphilitic arteritis is probably the most im- 
portant (see p. 238). 

Arteriosclerosis. — Cerebral vessels are similar in struetime 
to vessels elsewhere, though the small arteries contain a dis- 
proportionately large amount of coimective tissue in their 
walls. With advance in age muscle decreases, the internal 
elastic lamiTie. undergoes reduplication, and there is a medial 
fibrosis. Arteriosclerosis of the larger vessels at the base 
of the brain is of the atheromatous type. Through weakening 
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of the wall aneurysms may form. _ Cerebral arteriosclerosis 
may have no direct correlation with sclerotic changes else- 
where in the vascular system and has no constant relationship 
to hypertension. However, cerebral hyaline arteriolosclerosis 
is not uncommon with hypertension.*® (See also, malignant 
hypertension, p. 711.) Narrowing of the vaseiilar lumens 
diminishes the blood supply and exerts a serious effect on 
brain tissue. Midtiple perivascular zones of atrophy may be 
foimd in the brain as a result of arteriosclerosis in addition 
to larger softenings from thrombosis. Particularly susceptible 
to diiShushed blood supply are the striatum, the hippocampus, 
dentate nucleus, and cerebral cortex. Degeneration of these 
areas plays a role in the pathogenesis of arteriosderotie or 
senile cerebral atrophy. Arteriolar sclerosis also occurs in 
cerebral vessels and is characterized by the same hyaline 
changes seen in otiier organs. 

Thrombosis develops in cerebral vessels from the same 
causes as elsewhere. A sclerotic vessel is usually involved 
and arteriosclerosis is the most frequent underlying cause of 
cerebral infarction. Embolism of cerebral arteries originates 
jfrom thrombi in the lung, or more commonly, from the left 
side of the heart. Paradoxical embolism occurs from em- 
boli breaking off in the right circulatory field and gaining 
access to the left side of the heart through an open foramen 
ovale. Air and fat also act as emboli (see p. 58). Massive 
infarction results most commonly from occlusion of branches 
of the middle cerebral artery, probably because this vessel is 
a direct continuation of the internal carotid artery. Conse- 
quentiy, the middle cerebral artery is in direct line for re- 
ceiving emboli, as well as being subject to the wear and tear 
of direct pressure effects from the heart. 

Occlusion of a cerebral artery results in infarction of the 
region supplied by the vessel. Even though abundant 
anastomoses are present, they are insufficient to maintain 
nutrition if an artery is blocked; i.e., functionally they are 
end-arteries. Cerebral infarcts are characterized by soft- 
ening. The clinical effects depend upon the area of nervous 
tissue involved. The appearance of a cerebral infarct depends 
upon its age. A recent infarct may be indistinguishable in a 
fresh brain, but after fixation it remains soft in comparison 
with surroimding tissue. If its age is greater than two or 
three days, it appears as a soft, semi-fluid area, with a slightly 
yellowish color and an edematous, sometimes hemorrhagic, 
edge. Later, when the necrotic and liquefied material has 
been ronoved, the region is shrunken and depressed. If the 
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infarcted area is large, it may have a eystlike center contain- 
ing yellowish fluid (apoplectic cyst) encapsulated hy glial 
tissue. 

Microscopically, a very recent infarct transiently contains 
neutrophilic leucocytes, but tiiey soon disappear. Nerve cells, 
axis cylinders, and neuroglial cells degenerate, and lipoid of 
the myelin sheath is broken down and liquefied. The fatty 
and necrotic material undergoes phagocytosis and is removed 
by the ameboid microglial cells. These scavengers appear 
abundantly as rounded cells with a foamy or vacuolated c3do- 
plasm (fat-granule cells, compound granular corpuscles). 
Healing occurs by proliferation of a granulation tissue com- 
posed of astrocytes, capillaries, and a few fibroblasts of the 
adventitia of adjacent vessels. Eventually a dense neuroglial 
scar is formed. The damage is permanent, as there is no re- 
generation of the- Injured nerve cells and fibers. 

Cerebral Hemorrhage. — Hemorrhages into the brain tissue 
itself may be either small petechial or perivascular hemor- 
rhages, or a massive hematoma. Small petechial hemor- 
rhages result from many types of rdatively minor trauma, 
and if numerous or repeated may give rise to mental 
changes, e.g., the “punch-drunk” condition of old pugilists. 
Petechial hemorrhages also may result from poisons, such as 
carbon monoxide and arsphenamine, or from purpuric or 
leucemic conditions. Massive intracerebral hemorrhage is due 
to vascular disease, with or without high blood pressure. It is 
a frequent end result of hypertensive cardiovascular-renal 
disease. The vessels most commonly affected are the lenticulo- 
stiiate branches of the middle cerebral artery, involving the 
basal ganglia and internal capsule. Less frequently there is 
hemorrhage into the white matter of the cerebrum, or into the 
pons or cerebellum. The actual mechanism of the hemorrhage 
is debatable, and it is usually impossible to find the point of 
vascular rupture. The brain bulges dightly on the side of the 
hemorrhage, where there is some flattening of the convolu- 
tions. Cutting through the brain tissue reveals the area of 
hemorrhage lacerating the brain substance. Rupture into a 
ventricle often occurs, and in such cases blood appears in the 
spinal fluid. Hemorrhage into cerebral tumor tissue may be 
grossly indistinguishable from the ordinpy type of cerebral 
hemorrhage. Imcroscopic examination is necessary to con- 
firm or rule out this possibility. 

Brain in Malignant Hypertension. — In malignant hyper- 
tension the brain may be edematous or sclerotic. Arteriolar 
changes, hyaline or vacuolar, usually occur, with narrowing 
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of the lumens. The ratio of thickness of vessel waU to 
diameter of the lumen may be altered from the normal of 
1:3.5 to as much as 1:1.7.“ Hemorrhages varying from 
petechial to massive size may be found, *md areas of infarc- 
tion, usually multiple and small but sometimes massive. Some- 
times there is edema, slight perivascular lymphocytic infiltra- 
tion, and gliosis (see p. 293). 

Degenerative Encephalopathies 

Various degenerative lesions of the nervous ^stem are 
due to soluble toxins, chemical poisons, anesthesia, uremia, 
diabetic coma, hypoglycemia, metrazol and shock therapy, 
and deficiency diseases. 

The group due to soluble toxins includes: tetanus, botulism, 
and a heterogeneous group of undetermined etiology referred 
to as “toxic” encephalopathy. Tetanus (see p. 73) exerts 
its effect by its neurotropic toxin. Morphologic changes in 
the nervous system are not striking although there are 
hyperemia, swelling of nerve cells, and failure of staining of 
synaptic structures. Toxic encephalopathy is the term which 
may be applied to many conditions having symptoms of 
encephalitis, and sometimes occurring in measles, mumps, 
pneumonia, t;n)hoid fever, scarlet fever, erysipelas, and other 
streptococcic sections, and pertussis. The gross pathologic 
changes of hyperemia, edema, and petechial hemorrhages are 
nonspecific. Mcroscopically, the tissues are free of neutro- 
philic infiltration but may ^ow satellitosis, nerve cell body 
changes including swelling, chromatolysis and nuclear 
damage, and vascular responses such as hemorrhages and 
endothelial proliferation. Chemical poisons, such as arsenic, 
lead, manganese, carbon monoxide, and alcohol, may give 
rise to degenerative changes in the nervous system. The 
mechanism is ascribed to actual toxic necrosis implicating 
vascular structures primarily, or to relative or absolute 
anoxia. Pathologic alterations include edema, congestion, 
focal softenings, and hemorrhages. Actual inflammatory 
changes are rare. The changes being nonspecific, demonstra- 
tion of the toxic substance is essential to diagnosis. Anes- 
thetic agents such as ether, chloroform, nitrous oxide, <^elo- 
prop^e, and barbiturates have all been incrimmated as 
occasional causes of death. R^tive anoxia usually is de- 
scribed as the mechanism by which neuronal degeneration is 
induced. The cerebral changes produced by anoxia (e.g. as 
in high altitude flying) , circulatory arrest, carbon monoxide 
poisoning, hypoglycemia and anesthetic agents are all very 
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much alike, apparently influenced by both vascular and 
metabolic factors.®^ Similar anoxic changes are found in 
fatalities following fever therapy.*® Ether and chloroform, 
as strong fat solvents, have been known to precipitate 
demyelination and are generally regarded as dangerous in any 
patient with a demyelinating disease. SlicroseopicaUy, there 
may be found satellitosis, ghal proliferation with the forma- 
tion of glial nodes, and nonspecific changes in the nen'e cell 
bodies, such as shrinkage and nuclear pykaosis. Uremia may 
be accompanied by marked edema of the brain, with pressure 
marks and coning, and anemia, believed due to the swelling 
of the brain. The nerve cells are swollen and sometimes there 
is perivascular eulBng. The pathogenesis is obscure. Diabetic 
coma is usually accompanied by little moi^hologie change. 
It is usually considered due to relative anoxia, rather than 
toxemia. Hypoglycemia due to insulin therapy or a tumor 
of pancreatic islet tissue may exhibit cerebral signs.* Changes 
in the nervous ^tem include chromatol^ic, vacuolar, and 
pyknotic nerve cell alterations (nonspecific), formation of 
pseudogiant cells, gemistocytosis, degeneration of axis cylin- 
ders, and petecMal hemorrhages.®* Metrazol and shock 
therapy may produce cerebral brain damage similar to that 
of hypoglycemia. Hemorrhage may be prominent, par- 
ticularly in electric therapy. Vitamin deficiency diseases 
particularly pallagra, beriberi, rickets, and scurvy may have 
associated nonspecific degenerative changes in the nervous 
system (see p. 192) . 


Encephalitis 

Inflammato^ diseases of the central nervous system may be 
due to parasitic and fungus infections, syphilis, bacterial 
infections, rickettsial diseases, and virus diseases. 

Parasitic and fungus infections include toxoplasma, 
trichina, pork tapeworm (cysticercoms), malaria, and actino- 
mycosis (see Chap. VIII). Torula (cr 3 rptococcus) affects- 
both meninges and brain (see page 158). Syphilis frequently 
involves the central nervous system (see page 140). 

Bacterial infection of the central nervous system may pro- 
duce suppurative encephalitis or brain abscess. Staphylo- 
cocci are the most common oiganisms, although streptococci, 
pneumococci, and others may be causative. Cultures at 
autopsy often yield mixed agents. The organism may be in- 
troduced by direct implantation (trauma, snidery), con- 
tiguous extension (e.g., from erosion of bone and dura over 
an otitis media), or metastatic extension (e.g., from bron- 
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chiectasis). A centrally located abscess sometimes has no 
identifiable primary focus, although it is assumed that all 
are secondary to some other focus of infection, which is pre- 
sumed to have disappeared while the brain abscess was de- 
veloping. Lesions with which brain abscess is commonly asso- 
ciated include otitis media, sinus thrombosis, bronchiectasis, 
empyema, lung abscess, and bacterial endocarditis. 

Brain abscesses occur most commonly in the temporal lobe 
and cerebellar hemispheres. If embolic they are usually 
multiple. Grossly, the abscess is encapsulated and has a 
fiuid purulent center. The developing abscess goes through 
the stages of focal necrosis, invasion by leucocs^tes, liquefac- 
tion and formation of pus, fat-graniile ceU reaction, peri- 
pheral fibrinous precipitate, surrounding hyperemia and 
fibroblastic proliferation, and mild marginal gliosis.^ The 
fuUy formed abscess thus has four microscopic layers from 
within out: (1) a central necrotic core, (2) a vascular 
granulomatous border, (3) a zone of hyperemia and fibrosis, 
and (4) an external zone of gliosis. Spontaneous resolution of 
a cerebral abscess probably does not occur. Bupture of an 
abscess results in disseminated suppurative encephalitis and 
purulent meningitis. 

Various viral and rickettsial infectious produce encephalitis 
(see Chap. VI). 

Meningitis 

Pachymeningitis. — ^Infiammation of the dura may develop 
by spread from overlying bone. Hence it may complicate 
osteomyelitis of the sl^, compound fracture, etc. The dura 
tends to localize the lesion with the production of an q)i- 
diiial abscess. The overlying area of the scalp is swollen, 
congested, and edematous (Pott’s puffy tumor). Subdural 
abscess may occur secondary to neighboring infections. This 
consists of a broad limited sheet of purulent material or or- 
ganized exudate. Feripachjrmeningitis is an inflammatory 
condition associated with Pott’s disease (see page 657). 
PadiymeniDgitis cervicalis hypertrophica is a pronounced 
thickening of the dura in the cervical region which may be 
associated with syphilis. 

Leptomeningitis. — Inflammations of the leptomeninx may 
be purulent, due to bacterial and actinomycotic infections, 
or nonpurulent, due to tuberculous, syphilitic, lympho<grtic, 
and tomla meningitis. 

Purn^t meningitis may be caused by meningococci, pneu- 
mococci, streptococci, staphylococci, gonococci, influenza 
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bacilli, actinomyces, and rarely, colon bacilli in infants. The 
most important of these is the meningococcus, which gives 
rise to the epidemic form of meningitis as well as occasional 
i^oradic cases. In meningococcus meningitis the organism 
is believed to reach the meninges by passage through the naso- 
pharynx, where it leaves no trace, and then along the peri- 
neural sheath of the olfactory nerve, through the cribriform 



Fig. 326. — Streptococcal meningitis. An abundant purulent exudate 
can be seen covering the base of the brain. (Courtesy Dr. H. 0. 
Schmeisser.) 
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plate of tlie ethmoid, to reach the meninges. Another possible 
route of meningeal infection is by blood stream. Acute ful- 
minating forms of meningococcal infection are septicemic and 
systemic, with hemorrhagic spots in the skin (hence the term 
“spotted fever”)- The purulent exudate is most abundant 
over the base of the brain, and extension commonly occurs 
to the spinal meninges. The infection usually spread to the 
choroid plexus and the interior of the ventricles. Some de- 
gree of acute internal hydrocephalus results from increased 



Pig. 327. — ^Acute meningitis. Note the involvement of blood vessels. 


permeability of the choroid plexus, outpouring of exudate 
into the ventricles, and interference with outflow due to in- 
flammatory swelling about the narrow ventricular openings. 
This, along with the edema, congestion of blood vessels, and 
subarachnoid exudate, increases the intracranial pressure. 

The other purulent meningitides resemble the meningo- 
coccie form both grossly and microscopically, necessitating 
identification of the organism for diagnosis. Streptococcic 
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and pneumococcic exudates appear most abundantly over the 
vertex, whereas meningocoecie exudate tends to aggregate at 
the base. In meningitis due to the influenza bacillus, the 
exudate is most abundant and diflose. 

Nonpurulent meningitis may be a tuberculous meningitis, 
secondary to a tuberculous lesion elsewhere and often but 
part of a generalized miliary tuberculosis. In other cases 
it is the most prominent active focus of tuberculosis in the 
body. It is almost invariably fatal. The brain is swollen, 
and a gelatinous, translucent, slightly greenish exudate may 
be evident in the subarachnoid space. If exudate is abundant, 
it usually involves the base of the brain and spreads through 
the sylvian cisterns. Tiny opaque yellowish flecks which 
represent minute tubercles are evident along the course of sub- 
arachnoid vessels or on the choroid plexus. Microscopically, 
the inflammatory reaction and exudate are in general similar 
to tuberculosis elsewhere, but tend to show more neutrophilie 
leucocytes. The predominant cells, however, are large mono- 
nuclears, Isrmphocytes, plasma cells, and epithelioid cells. 
Small areas of caseation and definite tubercles may be found. 
Giant cells are not numerous. The inflammatory process oftm 
involves the superfleial portions of the cortex, so that the con- 
dition is really a meningo-encephalitis.*® Blood vessels pass- 
ing through the exudate show adventitial inflammation, and 
intunal thickening (tuberculous arteritis). Fibroblastic pro- 
liferation causes a meningeal thickening. Tubercles may be 
found involving choroid plexus and ependyma. 

The pathogenesis of tuberculous meningitis is a matter of 
dispute. The three main theories are : (1) hematogenous in- 
fection of the cerebrospinal fluid, (2) hematogenous spread to 
choroid plexus, with devdopment iJiere of a tubercle which 
later mfects leptomeniiges, and (3) hematogenous spread to 
superficial cerebral cortex, with development of a localized 
tuberde, which later ruptures or spreads infection to 
meninges. Bidh and McCordock^® demonstrated this last t3^e 
of orgin in a large proportion of their cases. 

Tubercolmna of the brain is a large solitary tuberculous 
lesion in the cerebral or cerebellar cortex. Its symptoma- 
tology may cause confusion with a neoplasm. The micro- 
scopic structure is Mmilar to that of tuberculous lesions dse- 
where. 

Lymphocytic choriomeningitis, believed to be caused by 
a virus, has a transitory, nonfatal course. There is marked 
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lymphocytie infiltration of the subarachnoid spaces with ap- 
pearance of lai^ numbers of lymphocytes in the cerebrospinal 
fi.uid (see p. 114). 

Torula menin^tis is a chronic meningeal irritation by a 
fungus, Cryptococcus Jmninis (see page 158) . 

Syplmtic meningitis (see page 139). 

Diseases of Peripheral Nerves 

The diseases of peripheral nerves fall into the three ill- 
defined categories of neuralgia, neuritis, and traumatic in- 
jury. The changes resulting from peripheral nerve trauma 
are those of Wallerian degeneration and neuroma formation 
(see page 682). 

Neuralgia refers to pain in the distribution of a nerve 
supply, the principal ones being trigeminal and sciatic. The 
character of the pain is distinctive, being intermittent or 
remittent and very severe. Morphologic changes in the 
involved peripheral nerve are absent or negligible. Changes 
in gan glia are sometimes described, such as ehromatolysis 
and shrin^ge, but it is difficult to ascribe the symptoms to 
these nonspecific alterations. The pain has been attributed to 
peripheral nerve or nerve ending involvement, reflex vaso- 
spasm, possibly related to histamine hypersensitivity, and to 
heightened central synaptic activity which accentuates above 
the pain threshold the normal afferent impulses from a re- 
gion. 

Neuritis is a term used loosely in referring to any condi- 
tion associated with inflammatory or degenerative changes in 
peripheral nerves. "When many nerves are involved the condi- 
tion is described as polyneuritis, if one nerve as mononeuritis. 
Various changes which may be found include hyperemia of 
the nerve sheath, transudation and swelling, celli^r exudate, 
mydin degeneration, and swelling and fragmentation of atih 
cylinders. Once continuity of fibers is broken, secondary 
Wallerian degeneration occurs. From an etiologic standpoint, 
Cobb and Coggeshall** have ^uped the neuritides under the 
following headings: (1) virus (herpes), (2) bacteriotoxie 
(scarlet fever), (3) deficiency or metabolic (beriberi), (4) 
chemical (lead), (5) focal mechanical (tumor pressure), (6) 
focal infectious (diphtheria). A large number of etiologic 
agents operate in ea^ category. 

Intracranial Tension 

The relative rigidity of the cranial vault leads to increased 
intracranial tension &om changes in volume of its contents. 
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For this reason space-occupying lesions, conditions limiting 
the flow of cerebrospinal fluid, and edema of the brain give 
rise to an elevated intracranial pressure. This brings about 
certain pathologic changes of great clinical importance. 

Changes in EztrameduUaxy Fluid Volume (see also p. 
698). — ^In the adult, hydrocephalus occurs in a number of 
chronic diseases as a moderate dilatation of the ventricular 
system often along with a slight extern^ hydrocephalus (dis- 
tended subarachnoid space). This may be seen in sjphilis, 
chronic alcoholism, and clonic subarachnoid obstructions 
such as after meningitis. Very often the mechanism is ob- 
scure. In syphilis, involvement of the arachnoid villi may in- 
hibit absorption of fluid. In chronic alcoholism, successive 
bouts of edema of the brain may be postulated with subse- 
quent distention of the ventricles and contraction of brain 
tissue by atrophy. In addition, an ependsunitis with nodular 
subependymal gliosis and profuse vascular endothelial pro- 
liferation may be noted in alcoholism, which may cause transi- 
tory obstruction to cerebrospinal fluid flow during bouts of 
edema. The mechanism of obstruction due to arachnoidal 
thickening is less obscure. In addition to thickening follow- 
ing meningitis, chronic arachnitis has been observed after 
repeated subarachnoid hemorrhage (seeping aneurysm). At 
autopsy, such brains usndly esMbit a moderate internal 
hydrocephalus. In cerebral atrophy, associated with senilily, 
there is often a marked external hydrocephalus. The absence 
of ventricular dilatation in such cases indicates that pressure 
phenomena had little to do wtih the accumulation of fluid 
over the atrophied brain. A more acute ventricular disten- 
tion in the adult occurs in purulent meningitis and with intra- 
ventricular block. 

Changes in Intracranial Tissue Volume, — Changes in 
tissue volume within the cranium may be brought about by 
(1) accumulation of intrameduUa^ (interstitM) fluid 
(edema), (2) increase in vascular volume (conation), and 
(3) new tissue growth (tumor). In these conations hydro- 
cephalus is absent. The subarachnoid apace often is ob- 
literated and the surface of the brain is dry. Underlying 
gyri are compressed and markedly flattened and the sulci are 
obscured. The opposing walls of the ventricles may be in 
apposition. A distinctive characteristic is the appearance of 
pressure marks along the base of the brtdn. The cerebellar 
ton^ may be shoved over the brim of the f orammi magnmn, 
grooving the cerebellum deeply (coning). In addition, the 
swollen temporal lobes may spread over the free margins of 
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the tentorial aperture with a consequent linear grooving 
on their medial surfaces. Edema may he related to cardiac 
decompensation, generalized septic and toxic states, and 
cachexia. Microscopically the brain tissue is vacuolated, the 
cells appearing widely separated. Congestion occurs in many 
inflammatory conditions as well as in cardiac failure and 
polycythemia. "With congestion alone, increase in total tissue 
volume is usually not excessive, as shown by absence of pres- 
sure marks. 

Papilledema. — Papilledema or choked disc is an important 
clinical index of increased intracranial pressure, as it may 
be visualized directly by an ophthalmoscope. Grossly, there 
is venous distention with surrounding edema, congestion, and 
elevation of the disc. TWe may be small hemorrhages in 
and around the papilla. If unrelieved, secondary optic 
atrophy follows. Microscopically, there are distention of the 
central vein, lateral shift of the retina, forward bulge of the 
anterior component of the lamina cribrosa, and distortion of 
the fibers entering the nerve head. The development of papil- 
ledema depends upon two factors. (1) The vaginal spaces 
of the optic nerve convey the interstitial fluid of the bulb 
into the subarachnoid space at the base of the brain. (2) 
The venous drainage of the posterior retina is through the 
central vein which drains into the ophthalmic and thence to 
the cavernous sinus. The central vein bridges the va^nal 
spaces of the optic nerve m passing from a central position 
within the nerve to the ophthalmic vein. Pressure obstruc- 
tion of this vein produces congestion at the papilla, and edema 
follows obstruction of drainage through the vaginal sheath. 
Diapedesis from the obstructed vein produces the small hemor- 
rhages at the nerve head, and transudate contributes to the 
edema. The relative importance of tiie two mechanisms is not 
known, and usually, both appear to be in operation. Experi- 
mentally, obstruction of the subarachnoid space alone does not 
induce severe choked disc. The most severe papUledema is 
induced by hemorrhage invading the optic i^eath and, by 
distention of the space, obstructing the venous return through 
distortion of the central vein, an event which may be brought 
about by a ruptured basal aneurysuL In this condition, mas- 
sive intraretinal hemorrhages sometimes occur.^^ 

Epilepsy and Iffajor Psychoses 

Epilepsy. — In the idiopathic or “essential” forms of 
epilepfiy, morphologic changes^ include only nonspecific 
alterations in brain tissue, the significance of which may be 
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seriously questioned. Biochemical and electrophysiologie 
studies have contributed greatly to an understanding of the 
operative mechanisms. In the secondary form, the convulsive 
states are associated with pathologic changes in the nervous 
system. The pathogenesis is often clearly indicated and the 
symptom may be related to an inflammatory, circulatory^ 
space-qccupying, or degenerative lesion. 

Major Psychoses. — ^The * 'functionary psychoses are so de- 
scribed because of the absence of demonstrable structural 
changes in the nervous system, and because the functional 
changes occurring are presumed to be psychogenic in origin. 
A number of nonspecific nerve cell and glial alterations have 
been described as occurring regularly in these conditions. 
There is no general agreement as to whether these changes 
precede or follow the abnormal psychic state. 
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Abscess, 29 
of brain, 714 
of breast, 613 
of kidney, 298 
of liver 391 

Achard-Tmers syndrom^ 551 
Acboluric jaundice, 442 
Acbondroplasia, 647 
Acidopbile adenoma of pituitary, 
518 

Acoustic neuroma, 695 
Acromegaly, 518 
Actmomyces hovis, 154 
Actinomycosis, 154, 490 
Actinomycotic abscess, 393 
Active byperem^ 53 
Acute cholecystitis, 396 
chorea, 705 

diffuse interstitial fibrosis of 
lung, 361, 362 

disseminated encephalomyelitis, 
115 

glomerulonephritis, 281 
infectious lymphocytosis, 419 
infiammation, 28 
leucemia, 446 
pancreatitis, 404 
splenic tumor, 417 
splenitis, 417 
Adamantinoma, 456 
Addison's anemia, 437 
disease, 547 

Adenocarcinoma of breast, 620 
of uterus, 593 
Adenoma, 221 

of adrenal glands, 550 
of bronchus, 350 
of liver, 394 
of parathyroid, 540 
of pituitsOT gland, 517 
acidophile, 518 
basophile, 518 
chromophobe, 517 
of thyroid, 536 
Adenomyosis, 590 
Adhesions, 32 
Adhesive pericarditis, 251 
Adrenal ^ands, 545 
adenoma of, 550 
cortex of, 546 


Adrenal glands — Cont'd 
medulla of, 551 
tumors of, 551 
neuroblastoim, 552 
tuberculosis of, 548 
Adrenogenital syndrome, 551 
Adventitial cells, 413 
Aedea aegypti, 126, 128 
Agenesia, 36 
Agranuloc^osia 445 
Air embolism, 58 
Alastrim, 122 

Albers-S^onberg disease, 648 
Albinism, 47 

Albuminous degeneration, 37 
Alcoholic cirrhosis, 386 
Alcoholimn, 184 
Aleucemie reticulosis, 420 
Allergic infiammation, 30 
Allergy in tuberculosis, 84 
Alloxan, 408 
Alpha-tocopherol, 196 
Amaurotic family idiocy, 701 
Amebiasis, 162 

Amebic abscess of liver, 392, 393 
colitis, 163 
dysentery, 486 
Ameloblastoma, 456 
American leishmaniasis, 167, 168 
Amputation neuroma, 682, 695 
Amyloid degeneration, 41 
Amyotonia congenita, 703 
Amyotrophic lateral sclerosis, 704 
Anaplasia. 199 
Anexnia, 434 
Addison's, 437 
aplastic^ 438 
chlorosis, 436 
Cooley's, 442 
hemolytic, 442 
hypochromic, 436 
iron-deficien^, 436 
myelophthisic, 439 
of nephritis, 439 
pernicious, 437 
siekle-ceQ, 439 
Anencephaly, 549, 698 
Aneurysm, 237 

art^osclerotic, 239 
arteriovenous, 239 
congenital, 239 
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Aneurysm — Cent ’d 
dissecting, 240 
false^ 239 
mycotic. 239 
syphilitic, 238 
Angiomyoneuroma^ 244 
Angioneurotic edema, 63 
Ankylostoma, 173 
Annular pancreas, 467 
Anorexia nervosa, 520 
Anthracosis, 369 
Anthrax, 73 
Aortic insufficiency, 259 
stenosis, 247, 259 

Aortitis, syphilitic, 136, 138, 239 
Aplasia, 36 
Aplastic anemia, 438 
Apoplectic cyst, 711 
Appendicitis, 490 
Appendix, in measles, 495 
mucocele of, 495 
Argyria, 51 

Arrhenoblastoma of ovary, 577, 
578 

Arteries, inflammation of, 235 
structure of, 228 
Arteriolar nephrosclerosis, 292 
sclerosis, 231 
Arteriosclerosis, 229 
aneurysm due to, 239 
etiology of, 233 
Arteriovenous aneurysm, 239 
Arthritis, 668 
Arthus phenomenon, 30 
Ashestosis, 370 
AscaHa lumJ>rico%de8, 172 
Aschoff body, 252, 254 
Ascites, 513 
Ascorbic acid, 193 
Aspergillosis, 156 
Aspiration pneumonia, 360 
Asthma, 345 
Astroblastoma, 692 
Astrocytoma, 690, 691 
Atelectasis of lung, 366 
Atherosclerosis, 229 
Atherosclerotic nephrosclerosis, 
289 

Athetosis, 706 
Athlete's foot, 154 
Atresia of esophagus, 463 
Atrophic gastritis, 469 
Atrophy, 36 
disuse, 36 
of spleen, 415 
of thymus, 543 


Atrophjr — Oont 'd 
physiologic, 36 
pressure, 37 

Atypical pneumonia, 121 
Australian X disease, 113 
Autolysis, 46 
of aver, 378 
Avidin, 196 

Ayerza's disease, 366, 444 
B 

Bacillary dysentery, 484 
Bacterial endocar&tis, 256 
infections, 66 
Balanitis, 332 
Balantidial dysentery, 486 
Balantidium coh, 486 
Banti's syndrome, 390, 416 
Barlow's disease, 194 
Bartholinitis, 603 
Bartonella tadlliformis, 99 
Bartonellosis, 107 
Basal-cell carcinoma, 630 
Basi-squamous carcinoma, 633 
Basophile adenoma of pituitary, 
518 

Basophiles, 25 

Beef tapeworm, 179 

Bence-Jones protein, 665 

Benign prostatic hypertrophy, 340 

Benzpyrene, 209 

Beriberi, 192 

Besnier-lBoeck-Schaumann disease, 
640 

Bezoars, 469 

Bichloride of mercury poisoning, 
183 

Bilharzia^ 177 
Biliary cirrhosis, 390 
Bilirubin, 49 
Biotin, 196 
Birth injury, 709 
Blackwater fever, 167 
Bladder, tuberculosis of, 96 
Blast injury, 365 
Blastomyces dermatidis, 155 
Blastomycosis, 155, 627 
Blood, 434 

clotting of, 55, 449 
Blue-domed cyst, 610 
Boeck's sarcoid, 639 
Bones, 645 

Brodie's abscess of, 655 
endothelial myeloma of, 663 
eosinophilic granuloma of, 657 
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Bones — Cont^d 

Ewing’s tumor of, 663 
exostosis of, 660 
fibroma of, fi60 
fibrous dysplasia of, 648 
giant-cell tumor of, 662 
metastatic tumors of, 666 
osteodystrophy of, 646 
osteogenic tumors of, 659 
Paget’s disease of, 655 
periosteal fibrosarcoma of, 659 
plasma-cell myeloma of, 666 
syphilis of, 657 
tuberculosis of, 97, 657 
tumors of, 658 
Borrelia duttoni, 134, 149 
recurrentis, 134, 148 
vmcentU, 134 

BoTrelioia mriolae hommis, 122 
Botulism, 187 
Boutons, 680 
Bowen’s disease, 634 
Brain, abscess of, 714 
arteriosclerosis in, 709 
hemorrhage in, 711 
metastatic tumors of, 697 
tuberculoma of, 717 
Branchial deft c;^t, 462 
Break-bone fever, 128 
Breast, 608 
abscess of, 613 
adenocarcinoma of, 620 
cancer of, 617 
comedo carcinoma of, 620 
cystosarcoma phylloides of, 622 
duct carcinoma of, 620 
duct papilloma of, 614 
fat necrosis of, 612 
fibroadenoma of, 613 
galactocele of, 612 
hypertrophy of, 609 
lactatingj 609 
mazoplasia of, 612 
medullary carcinoma of, 619 
mucoid carcinoma of, 620 
myoepithelial cell proliferations, 
of, 612 

sarcoma of, 621 
scirrhous carcinoma of, 618 
sclerosing adenosis of, 611 
tuberculosis of, 613 
tumors of, 613 

Brenner tumor of ovary, 568, 569 
Brodie’s abscess, 655 
Bronchial adenoma, 350 
Bronchiectasis, 345 


I Bronchitis, 344 
I Bronchogenic carcinoma, 347 
Bronchopneumonia, 359 
Brooke’s tumor, 633 
Brown induration of lung, 364 
Brucellosis, 77 
Bubo, 76, 151 
Buerger’s disease, 237 
Bums, 383 
Butter yellow, 196 

C 

Cachexia, 206 
Caisson disease, 58 
Calabar swellmg, 175 
Calcareous degeneration, 43 
Calciferol, 195 

Calcium carbonate stones, 401 
CaU-Exner bodies, 560, 576 
Cancer, causation of, 209 
gradmg of, 203 
of breast, 617 
Capillary hemangioma, 242 
Carate, 146 

Carbolic acid jpoisoning, 183 
Carbon monomde poisoning, 184 
Carbuncle, 29, 66 
Carcinoid tumors, 501 
Carcinomn 222 
basal-ceU, 630 
basi-squamous, 633 
intra-epidermal, 634 
of cervix, 599 
grading of, 601 
of colon, 504 
of duodenum, 478 
of esophagus, 466 
of gall bladder, 402, 403 
of Ep, 454 
of liver, 395 
of lung, 347 
of ovary, 671 
of pancreas, 410 
of prostate, 341 
of skin, 629 
of stomach, 475 
of thyroid, 537 
of tongue, 454 
of vul'^ 603 
transitional cell, 458 
Cardiac cirrhosis, 390 
dilatation, 271 
edema, 63 
failure, 273 
hypertrophy, 268 
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Cardiospasm of the esophagi 
463 

OardioTascalar system, 228 
GaznihcatioiL of lung, 359 
Carotene 50 
Carotenemia, 51 
Carotid body tumors, 460, 461 
Carrion’s disease, 107 
Caseous necrosis, 44, 83 
Catarrhal inflammation^ 30 
Causation of cancer, 209 
CaTemous hemangioma, 243 
Celiac disease, 437 
Cells of inflainmation, 24 
Cellulitis, 29, 30 
Cerebral abscess, 714 
anoxia, 712 
arteriosclerosis, 709 
embolism, 710 
hemangioendothelioma, 695 
heman^oma, 695 
hemorniage, 711 
thrombosis, 710 
Cerebrospinal fluid, 685 
Cervicitis, 598 
Cervix uteri, 598 

carcmoma of, 599 
epidermidization of, 598 
erosion of, 598 
polyp of, 599 

squamous metaplasia in, 599 
Chagas’ disease, 168 
Chancre, 133, 150 
Chancroid, 149, 150 
Charcot joint, 672 
Cheilosis, 192 
Chemical n^hrosis, 301 
pneumonias. 360 
poisons, 182 
Chemotaxis, 22 
Chicken pox, 123 
Chidero ulcer, 167, 168 
Childhood tuMreulosis, 88 
Chloroma, 449 
Chlorosis, 436 
Chocolate cyst, 562, 590 
Cholangioma, 396 
CholeeystitiB, 396 
Cholelithiasis, 399 
Cholera, 486 
Cholesteatoma, 697 
Cholesterolosis, 398 
of gall bladder, 397 
Cholesterol stone, 399 
Choline, deflciency of, 381 
Chondrodystrophm fetalis, 647 


Chondroma, 660 
Chondromyxoma, 660 
Chordon^ 219, 688 
Chorea, Huntington’s, 706 
Sydenham’s, 256, 705 
Chorionepitheliomc^ 595 
Choroid plexus, 679 
Chromatolysis, 680 
Chromoblastomycosis, 161, 162 
Chromophobe adenoma of pitu- 
itary, 517 

Chronic cholecystitis, 398 
chorea, 706 
cystic mastitis, 610 
glomerulonephritis, 284 
inflammation, 28 
pancreatitis, 406 
ulcerative colitis, 487 
Cirrhosis of liver, 386 
alcoholic, 386 
Laennec’s, 386 
portal, 386 
Clasmatocytes, 413 
Cleft palate,^ 453 
Clonorebis sinensis, 391 
Clotting of blood, 55 
post-mortem, 56 
Cloudy swelling, 37 
Coagulation necrosis, 44 
Coarctation of aortal 245, 247 
CoooidAoides wumitis, 160 
Coccidioidal granuolma, 160 
Coccidioidin, 161 
Coccidioidomycosis, 160 
Colloid cyst, 691 
Colon, carcinoma of, 504 
polyposis ofl 503 
tumors of, 503 
Cozhbined stones, 401 
Comedo carcinoma of breast, 620 
Common cold, 118 
Compound granular corpuscles, 685 
Compression asphyxia, 366 
Condyloma latum, 136 
Congenital absence of kidney, 316 
aneurysm, 239, 709 
cystic Mdn^, 317 
cysts of liver, 393 
heailrt disease, 244 
malformations of kidney, 316 
syphilis, 142 
Congestion, 53 
of liver, 380 
passivb, 53 

Congestive cirrhosis, 390 
Cooley’s anemia, 442 
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Coronary disease, 2(32 
occlusion, 264 
sclerosis, 262 
thrombosis, 264 
Corpus luteum cyst, 561 
Corrosive poisons, 182 
sublimate poisoning, 183 
Cortical necrosis of kidneys, 295 
Coryza, 118 

Councilman bodies, 383 
Courvoisier^s law, 403 
Cowpox, 122 
Coxa plana, 655 
Craniophar^gioma, 521 
Cretinism, 532 
Crohn ^s (liseas^ 488 
Crush syndrome, 314 
Cryptococem lumkUa, 158 
Ci^torchism, 334 
Curling ulcer, 471 
Cushing's syndrome^ 518 
Cutaneous leishmaniasis, 167 
Cyanide poisoning, 184 
Cyclical changes of endometrium, 
582 

Cystadenoma of ovary, 562 
C^sticercosis, 180 
C^rstic hygroma, 243, 462 
ovarian tumors, 562 
Cystinuria, 305 
C^titis, 330 
cystica, 330 
interstitial, 330 

Oystosarcoma phylloides of breast, 
622 

Cysts, 225 
apoplectic, 711 
blue-domed, 610 
branchial deft, 462 
chocolate 562, 590 
corpus luteum, 561 
dentigerous, ^5 
dermoid, 640 
endometrial, 562 
of kidney, 316 
of liver, 393 
of lung^ 347 
of neck, 462 
of ovary, 561 
of spleen, 418 
of thyroglossal duct, 462 

D 

Deficiency of choline, 381 
of lipocaic, 381 


I Degeneration, 37 
I dbuminous, 37 
j amyloid, 41 
I calcareous, 43 
j fatty, 38 
' hyajhne, 39 
hydropic, 37, 43 
mucinous, 43 
of liver, 378 
parenchymatous, 37 
waxy, 41 
Zenker's, 41 

Demyelinating diseases, 702 
Demyelination, 683 
Dengue, 128 
Dentigerous cysts, 455 
Dermacmtroxenus ricJcettsi, 99 
Dermatomyositis, 641 
Dermoid cysts, 640 
of ovary, 565 
Desmoid, 211 
Devic's disease, 703 
Diabetes insipidus, 521 
mellitus, 407 
gangrene in, 45 
Diabetic coma, 713 
Diaphragmatic hernia, 499 
Dibenzanthracene, 209 
Dick test, 69 
Dieulafoy's erosion, 471 
Diffuse leucoencephalopathy, 702 
Dilatation of hea^ 271 
Diphtheria, 71 
Diphtheritic tracheitis, 72 
DiphyUohothrifum latwm, 180 
Disgerminoma, 335 
of ovary, 570, 571, 672 
Dissecting aneurysm, 240 
Disseminated lupus erythematosus,, 
259, 642 
sclerosis, 702 
Disuse atrophy, 36 
Diverticula of esophagus, 463 
of intestine, 495 
Diverticulitis, 496 
Divertioulosis, 496 
Dog tapeworm, 180 
Donovan bodies, 151 
Dopa reaction, 46 
Dr<iounculm medmensis, 175 
Dry gangrene, 45 
Dubois’ abscess, 543 
Duet carcinoma of breast, 620 
papilloma of breast, 614 
Duodenum, carcinoma of, 478 
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Dwarf tapeworm, 179 
Dwarfism^ 520, 546 
Dystrophia adiposogenitalis, 520 

E 

EchinococcTia cyst of liver, 392 
Eclampsia, 312, 384, 604 
Ectopic pregnamcy, 581 
Edema, 62 

angioneurotic, 63 
cardiac, 63 
inflammatory, 63 
nephrotic, 63 
nutrition^, 63 
of liver, 381 
of lung, 364 
renal, 63 
Embolism, 56 
air, 58 
fat, 58 

from a thrombus, 59 
of tumor cells, 57 
septic, 59 

Embryonal adenosarcoma, 326 
Emphysema, interstitial, 368 
pulmonary, 367 
senile, 368 
Empyema, 358 

of gall bladder, 396 
Encephalitis, 713 
epidemic^ 113 
periaxialis diffusa, 702 
Saint Louis, 113, 114 
Encephalocele, 697 
Encephalomyelitis, acute dissem- 
inated, 115 
equine, 114 

Eihdcmoeba Imtolytica, 162 
Endarteritis obliterans, 231 
Endemic goiter, 525 
lyphus, 101 

Endocarditis, bacterial, 256 

due to s&eptococcal infection, 
70 

Endocrine glands, 516 
tumors of ovary, 574 
Endogenous pigmentations, 46 
Endometrial cysti^ 562 
hyperplasia, 586, 588 
polyp, 589 
Endometriosis, 589 
Endometritis, 589 
Endometrium, 582 
cyclical changes of, 582 
Endothelial myeloma of bone, 663 
Enterohms vermicularis, 172 


Eosinophiles, 24 

Eosinophilic granuloma, 431, 657 
Ependyma, 677 
Bpendymitis, 677 
Ependymobl^toxna, 691 
Ependymoma, 688 
Epidemic encephalitis, 113 
liepatitis, 384, 385^ 386 
keratoconjunctivitis, 127 
typhus, 99 

Epidermidization of cervix, 598 
Epidermoid cysts, 640 
Epididymitis, 333 
Epidural abscess, 714 
hemorrhage, 707 
Epilepsy, 720 
Epitheli^ tumors, 220 
Epithelioma adenoides cysticum, 
633 

Epulis, 455 

Equine encephalomyelitis, 114 
Ergot poisoning, 45 
Erosion of cervix, 598 
Erysipelas, 69 
Eiythema induratum, 625 
multiforme, 161 
nodosum, 161 
Erythremia, 444 
Erythroblastosis fetalis, 442 
Erythrocytes, 25 
Ei^hrocytosis, 444 
Esopha^s, 463 
atresia of, 463 
carcinoma of, 466 
cardiospasm of, 463 
diverticula of, 463 
stenosis of, 463 
Esthiomene, 603 
Estrogen, 558 

Ewing ^s tumor of bone, 663 
Exogenous pigmentations, 50 
Exophthalmic goiter, 526 
Exophthalmos, 526 
Exostosis of bone, 660 
Extrapulmonary tuberculosis, 95 
Exudation, 22 
Eye, mdanoma of, 47 
retinoblastoma of, 694 

F 

Fallopian tubes, 579 
tumors of, 580 
False aneurysm, 239 
Fat embolisim 58 
granule cell, 685 
necrosisi 44 



Fat necrosis — Cont'd 
of breast, 612 
of pancreas, 405 
Fatty change in liver, 379 
degeneration, 38 
of heart, 271 
infiltration, 38 
of heart, 272 
Favisin, 451 
Felty's syndrome, 671 
Fever blister, 123 
Fibrinous inmmmation, 29 
Fibroadenoma of breast, 613 
Fibrocystic disease of pancreas, 
406 

Fibroid of uterus, 591 
Fibroma, 211 
of bone, 660 
of ovary, 667 

Fibromyoma of uterus, 591 
Fibrosarcoma. 211 
Fibrous dysplasia of bone, 648 
Fifevre boutonneuse, 102 
Filariasis, 174 
Fish tapeworm, 180 
FleckmUz, 415 
Flukes, 177 

Fluoride intoxication, 187 
Foamy liver, 378 
Follicular cysts, 561 
lymphoblastoma, 421 
reticulosis, 421 
Food poisoning, 67, 187 
Foreign body reactions, 31 
Fracture of bone, 658 
healing of, 658 
Fragilitas ossium, 647 
Fragmentation of myocardium, 
271 

Frambesia, 134, 145 
Frei test, 152 
Friedreich's ataxia, 704 
Frohlich's syndrome, 520 
Fungus infections, 154 
FurSicle, 29, 66 
Fusospirochetosis, 148 

G 

Galactocele, 612 
Gall bladder, 396 

carcinoma of, 402, 403 
cholesterolosis of, 397 
empyema of, 396 
in&munation of, 396 
mucocde of, 401 
strawberry, 398 
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Gallstones, characteristics of, 400 
effects of, 401 
types of, 399 

Gandy-Gamna bodies, 415, 442 
Ganglion, 673 

Ganglioneuroma, 554, 694, 695 
Gangosa, 146 
Gangren^ 45 
diabetic, 45 
dry, 45 
gas^ 45, 74 
moist, 45 
senile, 45 

Garrd's disease, 655 
Gas g^grene, 45, 74 
Gastric polyposis, 477 
Gastritis, 468 
atrophic, 469 
hypertrophic, 469 
Gaudier 's disease, 429 
Gemistocyte formation, 678 
Gemistocytic astrocytoma, 691 
General paresis, 139 
Ghon tubercle, 88 
Giant cell pneumonia, 120 
Giant-ceU tumor of bone, 662 
Giant cells, 26 

follicular lymphadenopathy, 421 
Giantism. 518, 646 
Gilchrist's disease, 155 
Glandular fever, 419 
Glial nodes, 679 
plaques, 679 

Glioblastoma multiforme, 693 
Glioma, 688 
Globi, 625 

Glomerulonephritis, 280 
acute, 281 
chronic, 284 
subacute, 282 

Glomus tumor, 243, 244, 634 
Glycogen, in liver, 378 
storage disease, 378 
Goiter, 524 
endemic, 525 
exophthalmic 526 
lymphadenoid, 533 
nodulary' 531 
simple, 525 
thiocyanate, 528 
Gonadotropic hormones. 558 
Gonococcal infection, 70 
Gonorrheal arthritis, 669 
inflanunation of viilva, 603 
Gordon's tewat, 426 
Goundou, 146 
Gout, 672 
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Grading of cancer^ 203, 505 
of carcinoma of cervix, 601 
Granular cell myoblastoma, 218 
Granulation tissue, 31, 33 
Granuloma inguinale, 149, 150, 
603 

venereum, 149 

Granulomatous inflammation, 30 
Granulosa-c^ tumor of ovary, 574 
Graves' disease, 526 
Grawitz tumor, 323 
Guinea worm, 175 
Gumma, 137 
Gummatous necrosis, 44 
Gynandroblastoma of ovary, 577 
Gynecomastia, 390 

H 

Hand-Scliuller-Cliristian syndrome, 
431 

Hardip, 453 
Hashimoto's disease, 533 
HaverhiU fever, 149 
Healing, 31 
Heart block, 261 
dilatation of, 271 
diseases of, 244 
fatty degeneration of, 271 
iimltration of, 272 
hypertrophy of, 268 
tumors of, 274 
Heberden's nodes, 671 
Heerfordt's syndrome, 460, 641 
Hemaj^oma, 242, 393 
capil&ry, 242 
cavernous, 243 
sderosing, 243 
Hemangiopericytoma, 244 
Hematin, 50, 165 
Hematocele, 333 
Hexnatoidin, 49 
Hematoporphyrin, 50 
Hematosalpinx, 581 
Hemiangioendothdioma, 243 
HeznibaSismus, 706 
HemoehTomat<m, 49, 390 
Hemoglobin-derived pigments, 47 
Hemoglobinuria, 314 
Hemolytic anemia, 442 
icterus, 442 
Hemopericardium, 248 
Hemophilia, 450 
JffemophikM ducreyi, 149, 150 
Hemorrhage in liver, 381 
Hemorrhagic diseases, 449 
inflammation, 29 


Hemorrhoids, 241 
Hemosiderin, 48 
Hemothorax, 372 
Hepar lobatum, 138, 390 
Hepatolenticular degeneration, 
390 

Hepatolienal fibrosis, 416 
Hepatoma, 395 
Hepatorenal syndrome, 384 
Hereditary multiple exostosis, 660 
Hernia, 498 
diaphragmatic, 499 
Herpes simplex, 123 
zoster, 124 

Herpetic stomatitis, 123 
Hidradenoma, 634 
of vulva, 604 

Hirschsprung's disease, 500 
Histioc^es, 25, 413 
Histogenesis of nervous tissues, 
586 

EisioplasTna capsiUatum, 158 
Histoplasmin, 158 
Histoplasmosis, 157, 158 
Hobnail liver, 386 
Hodgkin's disease, 424 
HooSvorm, 173 
Hormones of pregnancy, 559 
Horseshoe kidneys, 316 
Huntington's chore^ 706 
Hurthle cell tumor, 537 
Hutchinson's teeth, 145 
Hyaline degeneration, 39 
in liver, 378 

Hyalinization of seminiferous tub- 
ules, 333 
Hyaluronidase, 23 
Hydatid cysts, 180, 393 
Hydatidiform mole, 595 
Hydrocele, 333 
Hydrocephalus, 698, 719 
Hydrohepatosis, 393 
Hydronephrosis, 310 
Hydropeiicardium, 248 
Hydropic degeneration, 37, 43 
Hydrops f etaliB, 442 
Hydrosalpinx, 580 
Hydrothorax, 372 
Eymenolepis nana, 179 
Hyperemia, 53 
Hypernephroma, 323 
Hyperostosis frontalis interna, 526 
Hyperparathyroidism, 540 
renal, 302 
seconds]^, 541 
Hyperplasia, 198 
of thymus, 543 



ZKDEX 


731 


Hypertension, 289 
Hypertensive heart disease, 270 
Hyperthyroidism, 525 
Hypertrophic gastritis, 469 
neuritis, 704 

pulmonary osteoarthropathy, 
652 

Hypertrophy, 198 
of hreast, 609 
of heart, 268 
Hypervitammosis D, 195 
Hypochromic anemia, 436 
Hypoparathyroidism, 542 
Hypophysis, 516 
Hypopituitarism, 519 
Hypoplasia^ 36 
Hypostatic pneumonia, 360 
Hypothyroidism, 531 

I 

Icterus gravis neonatorum, 442 
Inclusion blenorrhea, 127 
bodies, 108 

Infantile paralysis, 112 
Infarction, 59 
in liver, 381 

Infectious mononucleosis, 419 
InflaiuTnation, 21 
acute, 28 
allergic, 30 
catarrhal, 30 
cells of, 24 
chronic, 28 
edema in, 63 
fibrinous, 29 
granulomatous, 30 
hemorrhagic, 29 
of arteries, 235 
of gall bladder, 396 
of ovary, 561 
of spleen, 417 
of thyroid, 532 
phle^onous, 30 
pundent, 29 
serous, 28 
si^ of, 27 
smbacute, 28 
suppurative, 29 
types of, 27 
vascular reactions in, 21 
Influenza 116 

Hitercapulary glomerulosclerosis, 
295 

Interference with blood supply, 36 
Interstitial cell tumor of tei^, 

337 


Interstitial — Cent ^d 
cystitis, 330 
emphysema, 368 
keratitis, 145 
nephritis, 296 
pneumonia, 117, 360 
Intestinal tract, 478 
diverticula of, 495 
lipodystrophy of, 500 
obstruction of, 497 
tuberculosis of, 95, 489 
volvulus of, 500 
Intracranial tension, 718 
tumors, 686 

Intra-epidermal carcinoma, 634 
Intimsusception, 500 
Iodine deficiency, 525 
iron-deficienev anemias, 436 
Irradiation of tumors, 204 
Ischemia, 54 

Islet cell adenoma of pancreas, 
410 

J 

Jaagsiekte, 363 
Jaws, tumors of, 455 
Joints, 668 
tuberculosis of, 97 
tumors of, 672 

K 

Kala-azar, 167 
Kaposi disease, 638 
Khryolysis, 44 
Karyorrhexis, 44 
Kayser-Fleischer ring, 705 
Keloid, 211, 637 
Keratoses, 628 
KemicteruS; 442 
Kidney, abscesses of, 298 
cong^tal absence of, 316 
cystic, 317 

malformations of, 316 
cortical necroms of, 295 
cysts of, 316 

embryonal adenosarcoma of, 326 
Wseimoe, 316 
phosphatase in, 279 
pyemic, 298 
tuberculosis of, 96, 314 
Wilms' tumor of, 326 
Kienb6<^’s disease^ 655 
K5hler's disease, 655 
Koplik's spots, 125, 453 
Krabbe’s disease, 702 
Kraurosis, 603, 629 
Krukenberg tumors, 571, 573 
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L 

Lactating breast, 609 
Iiaeimec’s eirrhosis, 386 
liBxynx, tuberculosis of ^ 95 
Laureuce-Moou-Biedl syndrome, 
520 

Lead poisoning, 51, 185 
Legg-Pertbes’ disease, 655 
Leiomyoma, 216 
Leish^Tiia 'braziliensis, 167 
donoucwii, 167 
tropieo, 167 
Leishmaniasis, 167 
Lepra bacilli, 626 
Leprosy, 625 
Leptomeningitis^ 714 
Leptospira iateroheTnorrhagiae, 
134, 148, 391 
Letterer-Siwe disease, 431 
Leucemia, 445 
acut& 446 
lymphatic, 448 
monocytic, 448 
myeloid, 4A6 
Leucoplakia, 629 
of mouth, 453 
of vulva, 603 
Leucoproteases, 24 
Leucosareoma, 449 
Leukotasine, 22 
Lindau’s disease, 696 
Linitis plastica, 476 
Lipocaic, deficiency of, 381 
Lipochrome pigments, 50 
Lipoid nephrosis, 300 
pneumonia, 362 
storage diseases, 429 
Lipoidoses, 429 
Lipoma, 214 
Liiposarcoina, 215, 216 
ICaquefactive necrosis, 44 
Little's disease, 700 
Liver, 377 
abscess of, 391 

acute ydlow atrophy of, 382 
adenoma of, 394 
amebic abscess of, 392, 393 
amyloid infiltration of, 378 
autolysis of, 378 
biliary cirrhosis of, 390 
carcinoma of, 395 
cardiac cirrhosis of, 390 
central necrosis of, 383 
cholangioma of, 396 
chronic passive congestion of, 
381 


Liver — Cont 'd 
cirrhosis of. 386 
cloudy swelling of, 378 
congenital abnormalities of, 378 
cysts of, 393 
congestion of, 380 
cysts of, 393 
degenerations of, 378 
echinococcus cyst of, 392 
edema in, 381 
fatty change in, 379 
foamy, 378 
function of, 377 
glycogen in, 378 
hemangioma of, 393 
hemochromatosis of, 390 
hemorrhage in, 381 
hepatoma of, 395 
hobnail, 386 
hyaline in, 378 
in choline deficiency, 381 
in eclampsia, 384 
in lipocaic deficiency, 381 
in phosphorus poisoning, 383 
in Weil's disease, 391 
infarction in, 381 
mid-zonal necrosis of, 383 
necrosis of, 382 
Riedel's lobe of, 378 
structure of, 377 
subacute yellow atrophy of, 382 
tumors of, 393 
Livor mortis, 45 
Loa loa, 175 
Lobar pneumonia, 353 
Lobular pneumonia, 359 
Locomotor atasia, 140 
Ludwig's angina, 458 
Lues tarda, 142 
Lumpy jaw, 154 

Lung, acute diffuse interstitial 
fibrosis of, 361, 362 
anthracosis of, 369 
asbestosis of, 370 
atelectasis of, 366 
brown induration of, 364 
carcinoma of, 347 
camification of, 359 
congestion of, 364 
cyst of, 347 
edema of, 364 
emphysema of, 367 
infkrction of, 365 
paraffinoma of, 363 
pneumoconiosis of, 369 
silico-siderosis of, 371 
silicosis of, 370 
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Lupus vulgaris, 97, 625 
Luteal cysts, 561 
Lymph, uode^ 418 
Lymphadezdtis, 419 
Lymphadeuoid goiter, 533 
Lymphaugioma, 243 
Lymphangitis, 241 
Lymphatic leucemia, 448 
obstruction, 242 
Lymphedema, 64 
Lymphocytes, 24 

Lymphocytic choriomeningitis, 
114 717 

Lympho-epitnelioma, 458 
Lymphogranuloma inguinale, 151 
venereum 150, 151, 603 
Lymphopathia venereum, 151 
Lymphosarcoma, 423 

M 

MacrocephaJy, 698 
Macrogyri, 698 
Macropha^s, 25, 413 
Madura foot, 155 
Mai del pinto, 146 
Malaria, 165 

Malarial granuloma of Durck, 166 
pigment, 50, 165 

M^e genitalia, tuberculosis of, 97 
Malignant hypertension, 292 
lymphocytoma, 423 
melanoma, 635 
pustule, 74 

Marble bone disease, 648 
Marie-Strumpell spondylitis, 671 
Masculinovoblastoma of ovary, 
577 

Masson bodies, 363 
Mast cells, 25 
Mastitis, 613 
Mastod^^a, 610 
Mazoplasia, 612 
Measles, 124 
appendix in, 495 
Me^eVs diverticulum, 495 
Meconium ileus, 406 
Medial sclerosis, 230 
Medionecrosis aortae idiopathica 
cystica, 240 

Medullary carcinoma of breast, 
619 

Medulloblastoma, 692 
MeduUoepithelioma, 693 
Megacolon, 500 
Melanin, 46 
Melanocardnoma, 635 


Melanoma, 47, 634 
of eye, 47 

Melanosis coli, 47, 501 
Meninges, 683 
Meningioma, 696 
Meningitis, 714 
meningococcic, 715 
tuberculous, 97 
Meningocele, 697 
Meningococcus meningitis, 715 
Meningomy^ocele, 697 
Mercury poisoning, 183 
Mesenchymal tumors, 210 
Mesodermal mixed tumors of uter- 
us, 594 

Mesonephroma of ovary, 566 
Mesothelioma, 219, 374 
of pleura, 373 
Metabolic craniopathy, 520 
Metaplasia, 199 
Metastasis of tizmors, 205 
Metastatic tumors of bone, 666 
of brain, 697 
Methemalbumin, 50 
Methyl alcohol poisoning, 184 
cholanthrene, 209 
Microcephaly, 698 
Microglia, 684 
Microgyii, 698 
Mikulicz cells, 627 
syndrome, 459 
Miliary tuberculosis, 86 
Milroy's disease, 64 
Mite typhus, 103 
Mitotic nuclei, 202 
Mitral insufficiency, 260 
stenosis, 260 
Mixed tumors, 224, 335 
of uterus, 594 
Monckeberg’s sclerosis, 230 
Moist gangrene, 45 
Molluscum contegiosum, 125 
fibrosum, 212 
Mongolian idiocy, 701 
Mongolism, 520 
Monilia aUbicam, 157 
Monilia infection, 157 
Monocyt^, 25 
Monocytic leucemia, 448 
Mottled enamel, 187 
Mouth, 453 

Mucinous degeneration, 43 
Mucocele of ^pendix, 495 
of gall bladder, 401 
Mucocutaneous leishmaniasis, 167 
Mucoid carcinoma of breast, 620 
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Multiple idiopathic hemorrhagic 
sarcoma, 638 
myeloma, 664 
neorof-bromatosis, 212 
sclerosis, 702 
Mumps, 125, 459 
Murine typhus, 101 
Muscular dystrophies, 703 
Mus^oom poisoning 188 
Myasthenia gravis, 543 
Mycetoma pedis, 165 
Mycoses, 154 
Mycosis fungoides, 638 
Mycotic aneurysm, 239, 709 
Myelin degeneration, 681 
Mydocele, 697 
Myeloid leucemia, 446 
Myelophthisic anemia, 439 
Myocardial infarction, 267 
Myocarditis, 271 
Myoclonus, 706 

Myoepithelial cell proliferations 
of breast, 612 
Myoma, 216 

Myositis ossMcans, 665, 666 
Myotonia congenita, 764 
MyxedemsL 532 
Myxoma, 215 

N 

Kasopharyngeal fibroma, 459 
Kecrosin, 23 
Necrosis, 44 
caseous, 44, 83 
coagulatioi^ 44 
fat, 44 

gummatous, 44 
in liver, 382 
liquefactive, ^ 

Negri bodies, 111 
Nephritis, anemia in, 439 
interstitial, 296 
parathyroid 303 
tubular, 299 
Nephron, 278 
Nephrosis, 299 
(memical, 301 
lipoid, 300 
Nephrotic edema, 63 
Nervous system, 677 
tumors of, 686 
viral diseases of, 110 
tissues, histogenesis of, 686 
Neuralgia, 718 
Neurilemmoma, 212 


Neurinoma, 212 
Neuritis, 718 
Neuroblastoma, 694 
Neurocytoma, 694 
Neuroepithelioma, 694 
Neurofibroma, 212, 695 
Neurogenic sarcoma, 214 
Neuroglia, 678 
Neuron, 679 
Neuronophagia, 680 
Nevus, pigmented, 47 
venosus, 243 
Nicotinic acid, 192 
Niemann-Pick disease, 430 
Nissl substance, 679 
Nodular goiter, 531 
hyperplasia of prostate, 340 
Noma, 453 

Notochordal tissue, 677 
Nucleus pulposus, 677 
Nutritional edema, 63 

O 

Occupational dermatoses, 628 
Ochronosis, 47 
Odontoma, 456 
Oligodendroblastoma, 691 
Oligodendroglioma, 689, 691 
Onchocerca volvulus, 175 
Onchocerciasis, 175 
Oophoritis, 661 
Ophthalmoneuromyelitis, 703 
Oppenheim^s disease, 703 
Orchitis, 333 

Organizing pneumonia, 357 
Oriental sore, 167 
Ornithosis, 119 
Oroya fever, 107 
Orthostatic albuminuria, 293 
Osgood-Schlatter^s disease, 655 
Osteitis deformans, 655 
fibrosa cystica, 649 
disseminata, 648 
Osteoarthritis, 671 
Osteochondritis deformans, 656 
Osteochondroma, 660 
Osteodystrophy, 646 
Osteogenesis imperfecta, 647 
Osteogenic sarcoma, 660 
tumors, 659 
Osteoma 660 
Ostdomalacia, 648, 650 
Osteomyelitis, 653 
Osteoperiostitii^ 667 
Osteopetrosis, 648 
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Ovary, 559 

arrhenoblastoma o:^ 577, 578 
Brenner tumor of, 5^68, 569 
Gdll-Ebmer bodies of, 560, 576 
carcinoma of, 571 
cystadenoma of, 562 
pseudomucinous, 564 
serous, 563 
cysts of, 561, 563 
dermoid, 565 
luteal, 561 
theca-lutein, 562 
disgerminoma of, 570, 571, 572 
endocrine tumors of, 574 
fibroma of, 567 
granulosa-cell tumor of, 574 
gynandroblastoma of, 577 
hormones of, 558 
infiammation of, 561 
Ejokenberg tumor of, 571, 573 
maaculinovoblastoma of, 577 
mesonephroma of, 566 
parvilocular cystoma of, 565 
sarcoma of, 571 
teratoma of, 566 
theca-cell tumor of, 576 
tumors of, 562 
Oxycephaly, 698 
Oxywrio verradmlaHs, 172 

P 

PachymeningitiB, 714 
cervicalis hypertrophica, 714 
hemorrhagica interna, 707 
Paget’s disease of bone, 655 
of the nipple 621 
Pancreas, 404 
annular, 467 
calculi of, 406 
carcinoma of, 410 
cysts of, 406 
fat necrosis of, 405 
islet cell adenoma of, 410 
tumors of, 409 
Pantothenic acid, 192 
Papillary cystadenoma lympho* 
matosum, 461 
Papilledema, 720 
Papilloma, 220 
Pappataci fever, 128 
ParafSnoma of lung, 363 
Paraganglioma, 555 
Paralysis agitans, 706 
Paraphimo^, 332 
Parasitic cirrhosis, 390 
Parasmallpox, 122 


Parathyroid glands, 538 
adenoma of, 540 
nephritis, 303 
Paratyphoid fever, 484 
Parenchymatous degeneration, 37 
Parkinson’s disease, 706 
Parotitis, 459 

Parvilocular cystoma of ovary, 
565 

Passive congestion, 53 
Patent ductus arteriosus, 246 
interauricular septum, 247 
interventricular septum, 247 
Pdizaeus-Merzbacher’s disease, 
702 

Pellagra, 192 
Peptic ulcer, 470 

Periarteritis nodosa, 187, 235, 294 
Pericarditis, 249 
adhesive, 251 
tuberculous, 250 

Perineuronal fibroblastoma, 695 
Periosteal fibrosarcoma, 659 
Peripheral necrosis, 383 
Perithyroiditis, 535 
Peritoneim, 510 
Peritonitis, 511 
tuberculous, 95 
Pernicious anemia, 437 
Peroneal muscular atrophy, 704 
Phagocytosis, 27 
Pharyngitis, 458 
Pharynx, 458 
Phenol poisoning, 183 
Pheochromocytoma, 555 
Phimosis, 332 
Phlebitis, 241 
JPhlebotomus papatasU, 128 
Phlegmon, 29 

Phlegmonous infiammation, 30 
Phosphatase, 667 
in kidney, 279 

Phosphorus poisoning, 185, 383 
Phthisis, 90 
Physiologic atrophy, 36 
Phytobezoar, 469 
Pick’s disease, 252 
Pigment cirrhosis, 390 
stones, 401 
Pigmentation, 46 
endogenous, 46 
exogenous, 50 
hemoglobin-derived, 47 
in argyria, 51 
lipocfurome, 50 
malarial, 50 
of spleen, 415 
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Pigmented nevus, 47, 635 
Pilonidal sinns, 496 
Pineal body, 544 
tumors of, 545 
Pinealoma, 544, 545 
Pinta, 134, 146 
Pinworm, 172 
Pituitary gland, 516 
adenoma of, 517 
acidophile, 518 
basopliile, 518 
ckromophobe, 517 
basophilism, 518 
Placenta in syphilis, 143 
Plague, 76 
Plasma cells, 24 

Plasma-ceU myeloma of bone, 666 
Plasmapheresis, 63 
Pleura, 372 
mesothelioma of, 373 
Pleurisy, 372 
Plumbism, 51, 185 
Pneumococcal infection, 70 
Pneumococcic pericarditis, 358 
Pneumoconiosis, 369 
Pneumomediastinum, 369 
Pneumonia, 352. 
alba, 142, 144 
aspiration, 360 
atypical 121 
chemical, 360 

f iant cell, 120 
ypostatic, 360 
interstitial, 117, 360 
lipoid, 362 
looar, 353 
lobul^, 359 
organizing^ 357 
postoperative, 360 
rheumatic, 363 
suppurative, 360 
tenninal, 360 
tularemic, 362 
Pneumonic plague, 76 
Pneumothorax, 372 
Poisoning, 468 

due to bichloride of mercury, 
183 

carbolic acid, 183 
carbon monoxide, 184 
chemicals, 182 
corrosive sublimates, 183 
corrosives, 182 
cyanidea 184 
ergot, 45 
food, 67 


Poisoning due to — Cont'd 
lead, 51 
mercury, 183 
methyl alcohol, 184 
mushrooms, 188 
phenol, 183 
phosphorus, 185, 383 
silver, 51 
sulfonamide 185 
wood alcohol, 184 
Pokerback, 672 
Poliomyelitis, 112, 113 
Pol 3 rarteritis nodosa, 235 
Polyblasts, 413 
Polycythemia, 444 
rubra, 444 , 

Polymorphonuclear leucocytes, 24 
Polyposis of colon, 503 
Porencephaly, 698 
Pork tapeworm, 180 
Port wine stain, 243 
Portal cirrhosis, 386 
Post-mortem changes, 45 
clots, 56 

Postoperative pneumonia, 360 
Pott's disease of the spine, 657 
puffy tumor, 714 
Precancerous lesions, 628 
Pregnancy, ectopic, 581 
hormones of, 559 
toxemia of, 312, 604 
tubal, 581 

Pressure atrophy, 37 
Primary splenic neutropenia, 415 
Progeria, 520 
Progesterone, 559 
Progressive lenticular degenera- 
tion, 705 

muscular atrophy, 704 
dystrophy, 705 
Prostate gland, 337 
carcinoma of, 341 
nodular hyperplasia of, 340 
sarcoma of, 341 
Prostatitis 338 
Protozoal infections, 162 
Psammoma bodies, 696 
Pseudomucinous cystadenoma of 
ovary, 564 

Pseudomyxoma peritonei, 565 
Pseudosclerosis, 705 
Psittacosis, 109, 119 
Psychoses, 721 

Pulmonary arteriosclerosis, 366 
atelectasis, 366 
concussion, 365 
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Pulmonary — Cont’d 
emphysema, 367 
insujS&ciency, 261 
stenosis, 24=6, 261 
tuberculosis, 88 
Purpura, 450 

Purulent inflammation, 29 
meningitis, 714 
Pyelitis, 299 
Pyelonephritis, 299 
Pyemic kidney, 298 
Pyknosis, 44 
Pylephlebitis, 391 
Pyloric obstruction, 469 
stenosis, 467 
Pyogenic abscess. 391 
granuloma, 640 
Pyonephrosis, 299 
Pyridoxine hydrochloride, 192 

Q 

Q fever, 105 
Quinsy, 458 

B 

Babies, 111 
Bachischisis, 697 
Badiation dermatitis, 628 
Badicular cysts, 455 
Badiosensitivity of tumors, 205 
Banula, 460 
Batbite fever, 134, 149 
Bathke's pouch tumors, 521 
Bay fungus, 154 
Baynaud’s disease, 45 
Bectum, stricture of. 496 
Begeneration, 21, 34 
Begional ileitis, 488, 640 
Belapsing fever, 134, 148 
Benal calculi, 305 
dwarfism, 303 
edema, 63, 288 
function, 277 
hyperparathyroidism, 302 
rickets, 303 
structure, 277 
tuberculosis, 314 
tumors, 321 
Bepair, 21, 31 

Besistance in tuberculosis, 84 
Bespiratory viruses, 116 
Besting wandering cells, 413 
BeticuSn, 413 

Beticulo-endothelial eytomycosis, 
158 

system, 413 


Beticulo-endotheliosis, 420 
Beticulosis, 420 
Beticulum, 413 
Beticulum-cell sarcoma, 423 
Betinoblastoma, 694 
Betrograde changes, 36 
Bh factor, 442 
Bhabdomyoma, 216, 274 
Bhagades, 145 
Bheumatic fever, 252 
pneumonia, 363 
Bheumatoid arthritis, 669 
Bhinoscleroma, 627 
Bhinosporidiosis, 156 
JRhimosporidium aeeh&ri, 156 
Biboflaviu, 192 
Bickets, 195, 650 
renal, 303 

Biokettsia IwnieU, 99 
pedicuU, 99 
prowaeeJci, 99 
tmtsibgcmmhi, 99 
iDolKymca, 106 
Bickettsial diseases, 99 
BiedePs lobe, 378 
struma, 534 
Bigor mortis, 45 

Eocky Mountain spotted fever, 
103 

Bodent ulcer, 630 
Boundworms, 172 
Bous sarcoma, 208 
Bubeola, 124 
Bupture of spleen, 417 

S 

Saddle nose, 145 

Saint Louis encephalitis, 113, 114 
Saint Vitus’ dance, 256 
Salivary glands, 459 
tumors of, 460 
Salpingitis, 579 
isthmica nodosa, 580 
Sfio Paulo typhus, 102 
Sarcoidosis, 640 

Sarcoma, multiple idiopathic 
hemorrhagic, 638 
of breast, 621 
of ovary, 571 
of prostate, 341 
of stomach, 477 
of uterus, 594 
osteogenic, 660 
Satellitosis, 678 
Scarlatina, 69 
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Scarlet fever, 69 
Schilder's disease, 702 
Sohistosoma kaematobtum, 177, 
390 

japoTiMyum, 179, 390 
Tncmsoni, 178, 390 
Schistosomiasis, 177 
Schultz-Oharlton phenomenon, 69 
Schwannoma, 695 
Scirrhous carcinoma of breast, 618 
Scleroderma, 641 

Sclerosing adenosis of breast, 611 
hemangioma, 243 
osteitis, 655 
Scrofuloderma, 625 
Scurvy, 194 
Sebaceous cysts, 640 
Secondary hyperparathyroidism, 
541 

Seminoma, 335 
Senile arthritis, 671 
emphysema, 368 
gangrene, 45 
Septic embolism, 59 
Serous cystadenomas of ovary, 563 
indammation, 28 
Shellac bezoar, 469 
Shingles, 124 
Shock, 64 

Sidde-cell anemia, 439 
Sicklemia, 439 

Sideroiibrotic nodules, 415, 442 
Siderosis of welders, 372 
Signs of acute inflammation, 27 
SiSco-siderosis, 371 
Silicosis, 370 
Silver poisoning, 51 
Simmers’ disiase, 519 
Simple goiter, 525 
Sinus tmombosis, 707 
Skis, 624 

appendage, tumors of, 634 
bl^omycosis of, 627 
Bowen’s disease of, 634 
carcinoma of, 629 
epithelioma adenoides cysticum 
of, 633 

tuberculosis of, 97, 625 
tumors of, 628 

Small intestine, tumors of, 501 

Smallpo:^ 122 

Sodol^ 134, 149 

Solid ovarian tumors, 567 

Sore throat, 70 

l^asmodic torticollis, 706 

Spastic diplegia, 700 


Specifle infectious arthritis, 668 
Spermatocele, 333 
Spermatocytoma, 335 
Spherocytosis, 443 
Spider nevi of the skim 390 
Spina biflda occulta, 697 
Spiradenoma, 634 
Spirillum rminm, 134, 149 
Spirochaeta palUda, 133 
Spirochetal jaundice, 134, 148, 391 
Spirochetosis icterohemorrhagica, 
148 

Spleen. 414 
amyloid, 415 
arteriosclerosis, 415 
atrophy of, 415 
congestion of, 416 
cysts of, 418 
eosinoplulLa of, 415 
Gandy-Gamna bodies in, 415 
infarction of, 416 
inflammation of, 417 
pigmentation of, 415 
rupture of, 417 
tuberculosis of, 418 
tumors of, 418 

Spleuectomy, indications for, 415 
Splenic neutropenia, 445 
Spondylitis deformans, 672 
Spongioblastoma, 692 
Sporotrichosis, 158 
Spotted fever, 102 
Spreading factors, 23 
Sprue, 437 

Squamous metaplasia in cervix, 
599 

Squamous-cell carcinoma, 632 
Staphylococcal infection, 66 
septicemia, 66 
Starvation, 36 

Status th^o-lymphaticus, 543 
Steatorrhea, 437 
Stenosis of esophagus, 463 
Still’s disease. 671 
Stomach, caremoma of, 475 
sarcoma of, 477 
syphilis of, 467 
tumors of, 475 
Stomatitis, 453 
Strawberry gall bladder, 398 
StreptohacXllm monUiformis, 149 
Streptococcal bronchopneumonia, 
70 

endocarditis, 70 
infection, 67 
sore throat, 70 
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8treptocoocu8 heTnolytioua, 67 
pyogenes, 67 
vmdans, 67 

Stricture of rectum, 496 
Struma lymplioiuatosa, 533 
ovarii, 538 

Subacute combined degeneration, 
703 

glomerulonepliritis, 282 
inflammation, 28 
yellow atrophy of liver, 382 
Subarachnoid hemorrhage, 708 
Subdural abscess, 714 
hemorrhage, 707 
Sabepend^r^ gliosis, 677 
Sulfonamide poisoning^ 185 
Suppurative inflammation, 29 
pneumonia, 360 
Suprasellar cysts, 521 
Swimmer’s itch, 179 
Swimming-pool conjunctivitis 127 
Sydenham’s chorea, 256, 705 
Sympathoblastoma, 552 
Sympathogonioma, 552 
Syncytial endometritUi, 597 
Syncytioma, 597 
^rnovial sarcoma, 672 
Synovioma, 672 
Syphilis, 131 
aneuiynn in, 238 
cirrhosis of liver in, 390 
congenital, 142 
Hutchinson’s teeth in, 145 
interstitial keratitis in, 145 
osteochondritis in, 145 
rhagades in, 145 
saddle nose in, 145 
course of, 141 

meningoenc^halitis in, 140 
nephritis in, 297 
of aorta, 136, 138, 239 
of bone, 657 
of placenta, 143 
of stomach, 467 
Syringoma, 634 
^Syringomyelia, 694 
'Syringomyelocele, 697 

T 

Tabes dorsalis, 140 
Taenia eohMioeoccus infection, 180 
saginata infection, 179 
solkm infection, 180 
Tapeworm infection, 179 
Tattoos, 51 

Tay-Sachs disease, 431, 701 


Tendon, 673 
sheath tumors, 673 
Tenosynovitis, 673 
Teratoma, 224, 335 
of ovary, 566 
Terminal pneumonia, 360 
Testicular atrophy, 389 
Testis, interstitial cdd tumor of, 
337 

tumors of, 335 
Tetanus, 73, 712 
Tetany, 542 

Tetralogy of Fallot, 247 
Theca-cell tumor of ovary, 576 
Theca-lutein cysts, 562 
Thecoma, 576 
Theelin, 558 

Thiamine hydrochloride, 192 
Thiocyanate goiter, 528 
Thiouracil, 529 

Thromboangiitis obliterans, 236 
Thrombocytopenic purpura, 450 
Thrombosis, 55 
factor favoring, 55 
Thrombus, structure of, 56 
Thrui^ 453 
Thymus, 542 
atrophy of, 543 
Dubois’ abscess of, 543 
hyperplasia of, 543 
in myasthenia gravis, 543 
status thymo-lymphatieus, 543 
tumors of, 543 
Thyroglossal cysts, 462 
Thyroid gland, 522 
adenoma of, 536 
carcinoma of, 537 
Hurthle cell tumor of, 537 
inflammation of, 532 
toxic adenoma of, 531 
tumors of, 536 
Tic, 706 

Tissue stains, 40 
Tonsillitis, 458 
Tophus 672 
Torticollis, 255 
Torola encephalitis, 159 
Torula histolytica, 158 
Torula infection, 158 
Toxemia of pregnancy, 312, 604 
Toxic adenoma, 531 
encephalopathy, 712 
Toxoplasmosis, 169 
Trachoma, 127 
Transfusion reaction, 315 
Transitional cell carcinoma, 458 
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Tramxiatic anuria, 314 
Trench fever, 106 
mouth, 148 

Treponema carateum, 134, 146 
paUidwm, 131, 133 
pertenue, 134, 145 
Trichina spiralis, 176 
Trichinosis, 176 
Trichobezoar, 469 
Tricuspid insufficiency, 261 
stenosis, 261 
Tropical abscess, 393 
typhus, 102 
Trypanosomiasis, 167 
Tsutsugamushi disease, 102, 104, 
117 

Tubal pregnancy, 581 
Tubercle bacillus, 80 
Tuberculides, 97 
Tuberculoma of brain, 717 
Tuberculosis, 80 
allergy in, 84 
chil&ood, 88 
extrapulmonary, 95 
miliary, 86 

of adrenal glands, 548 
of bladder, 96 
of bone, 6o7 
of bones and joints, 97 
of breast, 613 
of female genitalia, 97 
of intestine, 95, 489 
of Mdney, 96, 314 
of larynx, 95 
of male ^nitalia, 97 
of pericardium, 95, 250 
of peritoneun^ 95 
of skin, 97, 625 
of ureter, 96 
of vertebrae, 657 
pulmonary, 88 
resistance in, 84 
route of infection in, 82 
tissue reactions in, 82 
Tuberculous arthritis, 669 
bronchopneumonia, 95 
cervicitis, 598 
enteritis, 94 
meningitis, 97, 717 
pericarditis, 93, 95, 250 
peritonitis, 95, 512 
salpingitis, 580 
Tuberculum dolorosum, 634 
Tubercous sclerosis, 701 
Tubular nephritis, 299 


Tularemia, 77, 383 
pneumonia in, 362 
Tumors, 199 
carcinoid, 501 
classification of, 200 
embolism of, 57 
epithelial, 220 
irradiation of, 204 
mesenchymal, 210 
metastasis of, 205 
mixed, 224, 335 
of uterus, 594 
of adrenal medulla. 551 
of blood vessels, 242 
of bone, 658 
of breast, 613 
of carotid body, 460, 461 
of colon, 503 
of fallopian tubes, 580 
of heart, 274 
of jaws, 455 
of joints, 672 
of kidney, 321 
of liver, 393 

of lymphatic vessel^ 242 
of nervous system, 686 
of ovary, 562 
of pancreas, 409 
of pineal, 545 
of Eathke ’s pouch, 521 
of skin, 628 

of skin appendages, 634 
of small intestine, 501 
of spleen, 418 
of stomach, 475 
of testis, 335 
of thymus, 543 
of thyroid, 536 
of urmary bladder, 330 
radiosensitivity of, 205 
renal, 321 
Typhoid fever, 482 
Typhus fever, endemic, 101 
epidemic, 99 
mite, 103 
murine, 101 
SSo Paulo, 102 
tropical, 102 

IT 

Undulant fever, 77 
Uremia, 287, 478, 713 
Ureter, 329 
tuberculosis of, 96 
Urethritis, 333 
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Urinary bladder, 330 
tuberculosis of, 96 
tumors of, 330 
Uterus, 581 

adenocarcinoma of, 593 
chorionepitbelioma of, 595 
fibroid of, 591 
fibromyoma of, 591 
bydatidiform mole of, 595 
mesodermal mixed tumor of, 594 
mixed tumors of, 594 
sarcoma of, 594 
Uveoparotid fever, 460 

V 

Vaccinia, 122 
Vaquez-Osler disease, 444 
Varicella, 123 

Varices of esophageal veins, 389 
Varicocele, 333 
Varicose veins, 241 
Variola, 122 
Verruca vulgaris, 628 
Verrucous endocarditis, 259 
Verruga peruana, 107 
Vertebrae, tuberculosis of, 657 
Vincent’s angina, 134 
iufection, 148 
Viral encephaUtides, 110 
Virchow-Eobin space, 684 
Virilism, 551 
Virus diseases, 108 

inclusion bodies in, 108 
of central nervous system, 110 
Viruses, cutaneous, 122 
respiratory, 116 
Visceral leishmaniasis, 167 
Vitamin deficiencies, 189 
Vitamin K, 55, 196 
Volvulus, 500 

Von Gierke’s disease, 270, 378 
Von Eeddinghausen’s disease, 
214, 649 


Vulva, 602 
carcinoma of, 603 
gonorrheal inflammation of, 603 
hidradenoma of, 604 
kraurosis of, 603, 629 
leucoplaMa of, 603 
Vulvovaginitis, 71 

W 

Wallerian degeneration, 682 
Walthard islsmds, 570 
Waterhouse-Friderichsen s y n- 

drome, 547 

Waxy degeneration, 41 
Weil's disease, 134, 148, 391 
Werlhof’s disease, 450 
Whipple’s disease, 500 
Widal reaction, 482 
Wilms’ tumor, 326 
Wilson’s disease, 390, 705 
Wood alcohol poisoning, 184 
Woody thyroiditis, 534 
Woolsorter’s disease, 74 
Worm infections, 171 
Wound infection, 68 
Wryneck, 255, 706 
Wuchereria hmcrofti, 174 
mcdayi, 174 

X 

Xanthelasma, 638 
Xanthoma, 638 
palpebrum, 429 
tuberosum multiplex, 429 
Xanthomatosis, 431 
Xeroderma pi^entosum, 628 

Y 

Taws, 134, 145 
Yellow fever, 126 

Z 

Zenker’s degeneration, 41 

r 









